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Summary
Recent advances in both satellite and terrestrial mobile communications technologies 
are now leading to the realisation of the dream of the global personal communications 
within a few years. Satellite systems, as a complement to terrestrial cellular systems, 
are introduced into the future Personal Communication Networks (S-PCN) to provide 
global coverage and to allow global roaming. The inter-working and the integration 
between the satellite and the terrestrial cellular systems (e.g. GSM system) are the key 
issues in developing the network architecture and designing the control functions and 
signalling protocols of satellite systems. This thesis focuses on the design of a satellite 
signalling control system.
The coverage and link properties of ICO 10 and LE066 satellite constellations, the 
representatives of low earth orbit (LEO) and medium earth orbit (MEO) satellite 
systems, are considered. A  satellite specific network architecture is proposed to 
accommodate the requirements of satellite dynamics and resource control function. 
The physical layer of satellite signalling links are designed to cope with the specific 
features of LEO or MEO satellite air-interfaces.
In order to overcome problems specific to LEO or MEO satellite systems and to 
provide call set-up control function, three important signalling protocols are proposed 
for the S-PCNs. The priority based fast access scheme is designed for the satellite 
random access channel allowing low access delay for the call set-up related access 
packets, even when the channel load is high. The satellite diversity based paging 
approach is proposed to optimize the paging performance. The modified selective re­
transmission (M-SRT) and Go-Back-N (M-GBN) protocols are proposed to cope with 
the transaction type transmission on the dedicated control channel. Simulation results 
have shown significant improvement of the M-SRT and M-GBN protocols in call set­
up delay. Two protocols are also compared in the aspects of implementation 
complexity and call set-up performance.
Finally, the integration scenarios between satellite and GSM system have been 
examined for S-PCN in the call handling related functions and associated signalling 
protocols. The GSM higher layer signalling protocols are tailored to provide the call 
control related functions. The optimum integration scenario is derived under the 
criterion of minimum modifications to the GSM higher layer signalling protocols and 
minimum complexities of the control functions.
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Pxy the  p ro b ab ility  th a t ch an n e l s ta te  tran sits  fro m  x  to  y
xvi
Pe th e  p ack e t e rro r  p ro b ab ility  u n d e r m u ltip a th  fad in g  e ffe c t
P J n ) th e  su ccess  p ro b ab ility  o f  a  n -b it p a c k e t w h ich  rem ain s in  g o o d  sta te
P tran sm ittin g  p o w er
P (S ) the  ov era ll d ensity  o f  th e  re ce iv ed  signal p o w er
P ln(S o) th e  p ro b ab ility  den sity  o f  th e  m ean  rece iv ed  p o w er S 0 w h ic h  obey s a 
lo g -n o rm al d is trib u tio n
PRayl(S/So) the  p ro b ab ility  den sity  o f  th e  rece iv ed  p o w er w h ich  is a ssu m ed
PRicicm(S) the  p ro b ab ility  d en sity  o f  th e  re ce iv ed  p o w e r w h ich  o b ey s a R ic ian  
d is trib u tio n
Psh(S) th e  p ro b ab ility  den sity  o f  th e  rece iv ed  p o w er d u rin g  sh ad o w in g
P (k ) th e  p ro b ab ility  th a t k  p ack e ts  are  tran sm itted  in  one  tim e  s lo t
Ploss th e  p ro b ab ility  o f  p a c k e t loss
P s the  su ccess  p ro b ab ility  fo r  a  tran sm itted  p ack e t
p a  d en sity  o f  m o b ile  u se r  p o p u la tio n
Q i th e  m ax im u m  calls  p e r  h o u r p e r  cell
Q ( P ,L ) d is trib u tio n s  o f  th e  m o b ile  tran sm ittin g  p o w er (P) an d  th e  s la n t ran g e  
(L) fro m  m o b iles  to  the  sa te llites
r th e  ra d iu s  o f  a  g u a ran teed  co v e ra g e  a rea
yi in itia l p h a se  an g le  o f  sa te llite s  in  the  ith  o rb it a t t= 0 , m e a su re d  fro m  the  
p o in t o f  r ig h t ascen sio n
R lu th e  lo c a tio n  u p d a tin g  ra te
R E a rth  rad iu s
R t th e  b it ra te
s n u m b er o f  sa te llites  in  the  sam e  o rb it
S rece iv ed  s ig n a l p o w er
So a sh o rt te rm  m e a n  re c e iv e d  p o w er
Si n ew  g en e ra ted  tra ff ic  fo r  an  R A C H
g(opt) n ew  g en e ra ted  ra n d o m  access  tra ffic  w h ere  the  m a x im u m  th ro u g h p u t 
can  b e  ach iev ed
0 E a rth  cen tra l ang le
t-RA th e  d u ra tio n  b e tw een  ad jacen t ra n d o m  access tim e  slo ts
T av erag e  ca lling  tim e
T c co llis ion  tim er
Tpmp ro u n d  trip  p ro p a g a tio n  de lay
T ra th e  tran sm iss io n  de lay  o f  ran d o m  access packe ts
TS ra R an d o m  access tim e slot
W the  la rg e s t g rea t c irc le  ran g e  b e tw e e n  an  o b se rv e r an y w h e re  on  th e  
E a r th ’s su rface  and  th e  n e a re s t su b -sa te llite  p o in t
V the  m o b ile  v e loc ity
Vsat th e  sa te llite  v e lo c ity
Vsh th e  m o v in g  sp eed  o f  th e  sh ad o w in g  fro n t tak in g  in to  a c c o u n t th e  
sa te llite  and  m o b ile  v e loc ity
V (A ) ack n o w led g e  s ta te  v a riab le
V (R ) rece iv e  s ta te  v ariab le
V (S ) sen d  s ta te  v ariab le
w n u m b e r o f  ac tiv e  u se rs  re s id e  in  a  g u a ran teed  c o v e rag e  a rea
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C h a p t e r  1 
I n t r o d u c t i o n
1.1 BACKGROUND TO SATELLITE PCNs
T h e  ra p id  ex p an sio n  o f  ce llu la r te lep h o n e  n e tw o rk s  has h e ra ld ed  th e  d em an d  fo r  
p e rso n a l m o b ile  co m m u n ica tio n s  th a t a llow s m o b ile  p e rso n a l co m m u n ica tio n s  fro m  any 
lo c a tio n  in  th e  w o rld  w ith  a  sing le  h an d -se t. T h is  is n o t p o ssib le  w ith  th e  c u rre n t 
c e llu la r  in fra s tru c tu re  b ecau se , firstly , m any  o f  th e  ex isting  system s a re  in co m p a tib le  as 
fa r  as a  s ing le  h a n d -se t is co n c e rn e d , and  seco n d ly , la rg e  areas o f  th e  g lo b e  can  n o t be  
c o v e re d  e c o n o m ica lly  by  th ese  te rrestria l sy stem s.
T h e  u n ifica tio n  o f  all te rre s tr ia l ce llu la r sy stem s h as  been  en v isag ed  w ith in  th e  F u tu re  
P u b lic  L a n d  M o b ile  T e leco m m u n ica tio n s  S y stem  (F P L M T S ) in  w h ich  a  s ing le ­
s ta n d a rd  h a n d -se t w ill o p e ra te  in  any  a re a  c o v e re d  by  th e  system . I t  is rea lized  th a t 
te rre s tr ia l sy stem s can  n o t  p ro v id e  g loba l ro am in g  b ecau se  m any  a reas  o f  th e  w o rld  
w ill still rem ain  o u ts id e  th e  co v e rag e . S a te llite  system s are  w ell su ite d  to  filling th e  
c o v e ra g e  g ap s  le f t by  th e  te rre s tr ia l n e tw o rk s . I t  is, h o w ev e r, un like ly  th a t sa te llite  
sy stem s w ill re p la c e  te rre s tr ia l n e tw o rk s  b e c a u se  o f  th e  difficulty  fo r  sa te llite  system s 
to  re u se  freq u en c ies  suffic ien tly  to  m e e t u se r  d em an d s in  th e  h ighly  p o p u la te d  a reas. 
W ith  th e  w id e sp re a d  o r  g loba l c o v e ra g e  p ro v id e d  by sa te llite  sy stem , g lobal ro am in g  
w ill b e  p ro v id e d  by  th e  in teg ra tio n  o f  sa te llites in  fu tu re  p e rso n a l c o m m u n ica tio n  
n e tw o rk s  (P C N ). T h e  sa te llite  sy stem s b a se d  on  th is c o n c e p t a re  k n o w n  as th e  
sa te llite -P C N s (S -P C N ). T h e  S -P C N s a im  to  p ro v id e  serv ices to  th e  m o b ile  u se rs  in  a  
seam less  m anner.
V a rio u s  sa te llite  co n ste lla tio n  o p tio n s  ex is t, w h ich  a re  w ell d o c u m e n te d  in th e  
lite ra tu re  [A N 9 5 /1 ]. G eo s ta tio n a ry  (G E O ) sa te llites, as u se d  fo r  m o s t co m m erc ia l 
m o b ile  co m m u n ica tio n s  ap p lica tio n s (In m arsa t, A u ssa t(O P T U S ), A m erican  M o b ile  
S a te llite  S y s te m  (A M S C ), e tc .) , c o u ld  a lso  b e  u se d  fo r  th e  S -P C N s. H o w e v e r , th e  h igh 
p a th  lo ss  w ill lead  to  in c rea sed  c o s t an d  co m plex ity  to  b o th  sa te llite s  an d  m obile  
te rm in a ls . T h e  g e o s ta tio n a ry  sa te llites a lso  su ffe r fro m  lo n g  tran sm iss io n  delays, 
sp ec ia lly  in  th e  case  o f  a  m o b ile  to  m o b ile  call. T o  p ro v id e  accep tab le  q ua lity  o f  serv ice  
in  te rm s  o f  de lay , th e  sw itch in g  an d  n ecessa ry  p ro cess in g  fu n c tio n s m u s t b e  in sta lled  in 
th e  sa te llite  to  a llow  o n e  h o p  co n n e c tio n  b e tw e e n  m obiles. T h is w ill in c rease  th e  
co m p le x ity  o f  th e  sa te llite  p ay lo ad . L o w  e lev a tio n  angles a t h igh  la titu d es , a  fe a tu re  fo r  
all g e o s ta tio n a ry  o rb its , w ill a lso  a ffec t th e  se rv ice  quality  in th e se  reg io n s  d u e  to  
b lo c k a g e  an d  sh ad o w in g .
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Iridium ICO Globalstar Odyssey Ellipso
N um ber o f satellites 66+61 10+21 48+81 12+21 24
N um ber o f planes 6 2 8 3 4
N um ber o f satellites 
per orbit
11 5 6 4 6
Type o f orbit LEO ICO LEO/ICO M EO /IC O EIO
Inclination (degree) 86 45 52 50 116
Orbit altitude (km) 780 10354 1410 10350 7800X 520
M inim um  elevation 
angle (degree)
8 10 10 22 10
Orbit period 100 minutes 6 hours 114 minutes 6 hours 2 hours
Range o f footprint 
(km)
4386 12913 5850 7400 11960
Propagation delay 
(ms)
2.6-8.2 34.5-48 4.63-11.5 34.6-44.3 38.7
Satellite m ultiple 
access m ode
FD M A /
TD M A
FD M A /
TD M A
FD M A /
CDM A
CD M A FD M A /
CD M A
Frequency band
• M obile uplink 
(M Hz)
1616-1626.5 1980-2010 1610-1626.5 1610-
1626.5
1610-1626.5
• M obile downlink 
(M Hz)
1616-1626.5 2170-2200 2483.5-2500 2483.5-
2500
2483.5-2500
• Feeder uplink 
(GHz)
29.1-29.3 5 5.091-5.25 29.5-30
(Ku-band)
C-band
•  Feeder downlink 
(GHz)
19.4-19.6 7 6.875-7.05 19.7-20.2
(Ka-band)
C-band
Satellite crosslink K a band N/A N/A N /A —
N um ber o f SBs 48 163 16 37 4 or 61
Cell coverage (km) 400(minimum) 862 2254 1100 —
Coverage Global Global W ithin 
± 7 0 °  latitude
M ajor land 
m ass
Northern
hemisphere
N um ber o f ESs 15-20 12 100-210 10-11 6
Satellite capacity 
(Num ber o f voice 
grade channels)
1100 4500 2000-3000 3000
D ual satellite 
visibility
multi-satellite 
visibility at 
high altitude
2 or more 
satellites
2 or more 
satellites
2 or more 
satellites
2 or m ore 
satellites 
±  40° latitude
Satellite diversity 
exploited
No Yes Yes No Yes
Satellite output 
pow er (W )
1000 37*25W
S-band
transm itters
500 (peak) 
200 (average)
Satellite m ass (kg) 689 1925 450 2000 500
Service provided 1998 1999 1998 1999 1998
T a b le  1 -1  O v e rv ie w  o f  p r o p o s e d  n o n -G E O  s a te ll i te -P C N  c o n s te lla tio n s
1 Spare satellites
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S a te llite s  in  n o n -g e o s ta tio n a ry  o rb its , such  as lo w  e a r th  o rb it (L E O ) an d  m idd le  ea rth  
o rb it (M E O ), c o u ld  o v e rc o m e  th e se  p ro b lem s. T h ese  o rb its  h av e  m u ch  sh o rte r  
tran sm iss io n  de lays an d  lo w e r  req u irem en ts  fo r  sa te llite  p o w e r, w h ich  m a k e  th e  m obile  
te rm in a l d esign  sim ple . A  h igh  e lev a tio n  an g le  can  b e  p ro v id e d  fo r  a  p a rticu la r  
g e o g ra p h ic a l a re a  by  ch o o sin g  a p p ro p ria te  o rb it as th e  sa te llites are  n o  lo n g e r fix ed  in 
th e  e q u a to r ia l p lan e .
N o n -G E O  sa te llite  n e tw o rk s  b eco m e  m o re  im p o rtan t as th e  d em an d  fo r  a  tru ly  g lobal 
seam less  P C N  in creases . I f  th e re  a re  su ffic ien t n u m b er o f  sate llites in  su ch  o rb its , o n e  
w ill a lw ays b e  v isib le  a t any g eo g rap h ica l lo ca tio n . T h u s  P C N  su b sc rib e rs  w ill be 
re a c h e d  fro m  any  p o in t o n  e a r th  a t any  tim e. T h e  ad v an tag es o f  u s in g  n o n -G E O  
n e tw o rk s  h av e  in sp ired  m any  com m erc ia l co m p an ies  and  c o n so rtia  to  in v es t heav ily  in 
th e ir  d e s ig n  an d  op era tio n .
T h e  m a jo r p ro p o se d  S -P C N s are  lis ted  in  T a b le  1 -1 ,  to g e th e r  w ith  th e ir  p rim ary  
sy s tem  sp ec ifica tio n s. O f  th e se , th e  b e s t k n o w n  are  Irid ium , G lo b a ls ta r, IC O  and  
O d y ssey  all o f  w h ich  are  p lan n ed  to  p ro v id e  se rv ice  by  th e  en d  o f  th is  cen tu ry .
1.2 OBJECTIVES
S in ce  th e  sa te llite  seg m en t o f  a  S -P C N  is u se d  m ainly  to  p ro v id e  a  g lobal ro am in g  
fea tu re , it m u s t b e  co m p a tib le  w ith  th e  te rres tria l ce llu la r sy stem s. A m o n g s t th e  v a rio u s 
c e llu la r sy stem s, th e  G ro u p  S pec ia l M o b ile  (G S M ) sy stem  is th e  m o s t su ccessfu l and  
h as  b een  a d o p te d  v irtua lly  w o rld -w id e . M an y  w ire less system s w o rld w id e  n o w  u se  th e  
G S M  s ta n d a rd  an d  n e tw o rk  c o n c e p t as th e ir  base line  system  a rch itec tu re . T h e  u se  o f  
th e  G S M  s tan d a rd , especia lly  th e  signalling  system , in  th e  d esig n  o f  S -P C N s is 
b enefic ia l to  b o th  th e  u se rs  an d  th e  o p e ra to rs . S o m e o f  th e  ad v an tag es  are  lo w  
d e v e lo p m e n t c o s t, sm o o th  in te rw o rk in g  an d  easy  in teg ra tio n  b e tw e e n  sa te llite  system s 
an d  th e  G S M  sy stem .
In  o rd e r  th a t sa te llite  sy stem s p ro v id e  a  com p lem en ta ry  se rv ice  to  g loba l ro am in g  
u se rs , a  sa te llite  specific  n e tw o rk  a rc h ite c tu re  an d  possib le  m o d ifica tio n s to  th e  G S M  
signalling  p ro to c o ls  a re  n ecessary . T h e se  a re  n eed ed  b ecau se  sa te llite  sy stem s a re  
d iffe ren t fro m  ce llu la r G S M  system s in th e ir  re so u rc e  m an ag em en t, p h ysica l an d  d a ta  
lin k  c o n tro ls . M o d ifica tio n s to  th e  G S M  n e tw o rk  lay er a re  a lso  n e e d e d  in  o rd e r  to  
a d a p t to  th e  g lobal co v e ra g e  o f  sa te llite  sy stem s, as th e  G S M  ce llu la r sy stem s a re  
basica lly  lo ca l sy stem s co n ta in e d  w ith in  th e  b o u n d ary  o f  an  o p e ra to r-o w n e d  P ub lic  
L a n d  M o b ile  N e tw o rk  (P L M N ). M o re o v e r, th e  inclusion  o f  th e  sa te llite  seg m e n t in  a  
P C N  w ill in c rease  th e  co m p lex ity  o f  th e  system . M o d e lin g  and  p e rfo rm a n c e  ev a lu a tio n  
a re  th e re fo re  c ritic a l in  th e  d esig n  an d  o p e ra tio n  o f  such  a  S -P C N . T h e se  issu es a re  th e  
m a in  c o n c e rn s  o f  th is  re sea rch , an d  w ill b e  ad d ressed  separa te ly  in  d iffe ren t ch ap te rs .
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T h is  th esis  fo cu ses  o n  th e  call se t-u p  signalling  activ ities in  S -P C N s. T h e  s tu d y  is 
d iv id ed  in to  tw o  p a rts : th e  call se t-u p  signalling  p ro to c o ls  a t th e  sa te llite  a ir-in te rface  
an d  th e  call s e t-u p  re la te d  signalling  tran sac tio n s  b e tw een  n e tw o rk  en titie s  v ia  th e  
C C IT T  N o 7  signalling  sy stem . F o r  th e  call se t-u p  signalling  a t th e  sa te llite  a ir- 
in te rface , w e  n eed  to  c o n s id e r  th e  dynam ics o f  th e  sa te llite  co n ste lla tio n  an d  th e  
c h an n e l. S u g g e s te d  m o d ifica tio n s  are  m a d e  to  th e  G S M  p ro to c o ls , su ch  as th e  S lo tte d -  
A L O H A  (fo r ra n d o m  access  ch an n e l-R A C H ) and  th e  S to p -a n d -W a it H D L C  p ro to c o l 
(fo r  d e d ic a te d  c o n tro l c h an n e l-D C C H ) b y  co n sid erin g  th e  ch a rac te ris tic s  o f  th e  
sa te llite  links (e .g . lo n g  p ro p a g a tio n  delay  an d  la rg e  p a th  lo ss, e tc .) . P e rfo rm a n c e  o f  
p a g in g  signalling  w h ich  is p a r t  o f  th e  call se t-u p  p ro c e d u re  can  b e  im p ro v ed  v ia  u se r  
a ss is tan ce . T h e  call se t-u p  signalling  delay  an d  th e  signalling  lo a d  a re  ev a lu a te d  fo r  
b o th  th e  L E O 66 an d  IC O  10 sy s tem s as ex am p les . T h ese  are  p re se n te d  in C h a p te rs  3 , 4  
an d  5 . F o r  th e  signalling  tra n sa c tio n s  b e tw e e n  n e tw o rk  en tities, m o d ifica tio n s to  th e  
G S M  fu n c tio n s  an d  signalling  p ro to c o ls  a re  m ad e  in o rd e r  to  p ro v id e  call se t-u p  
re la te d  fu n c tio n s  in  th e  in te g ra te d  sa te llite  an d  ce llu la r G S M  system s. T h is  p a r t  o f  th e  
re se a rc h , inc lu d in g  a  c o m p reh en siv e  rev iew  o f  th e  G S M  signalling  sy stem , is in 
C h a p te rs  6  a n d  7.
T h e  c h ap te rs  o f  th is  th esis  are  su m m arized  as fo llow s:
C h a p te r  2  rev iew s th e  d esig n  tech n iq u es  o f  n o n -G E O  sate llite  co n ste lla tio n s: th e  s tre e t 
o f  c o v e ra g e  an d  th e  ro se tte  p a tte rn s . T w o  rep re sen ta tiv e  sa te llite  c o n ste lla tio n s , 
L E 0 6 6  (6 6  sa te llites o n  th e  lo w  e a rth  o rb it)  an d  IC O 1 0  (10  sa te llites  o n  th e  inclined  
c irc u la r  m id d le  e a rth  o rb it) , h av e  b een  se lec ted  as exam ples. T h e  c o v e ra g e  s ta tis tic s  o f  
th e  tw o  sa te llite  co n s te lla tio n s  a lo n g  w ith  o th e r  im p o rtan t a ttr ib u te s , su ch  as th e  sp o t 
b e a m  co n fig u ra tio n , p ro p a g a tio n  delay  an d  p a th  lo ss , e tc ., h av e  b e e n  exam in ed . A  
sa te llite  ch an n e l m o d e l w h ich  fo rm s th e  basis  fo r  th e  signalling  p e rfo rm a n c e  stu d y  is 
a lso  in tro d u c e d . S a te llite  co n ste lla tio n  co n n ec tiv ity  d a ta  is u se d  in th e  sa te llite  channel 
m o d e l in  o rd e r  to  e v a lu a te  th e  p a c k e t e rro r  ra te  a t the  sa te llite  a ir-in te rface .
C h a p te r  3 p ro p o se s  a  n e tw o rk  a rc h ite c tu re  to  acco m m o d a te  th e  sa te llite  dynam ics. 
T h e  sa te llite  re so u rc e  is c o n tro lle d  by  e a r th  s ta tio n  co n tro lle rs  (E S C ) b e tw e e n  w hich  
th e  to k e n  fo r  sa te llite  re so u rc e  co n tro l is p assed . C o n v en tio n a l G S M  lo g ica l signalling  
ch an n e ls  a re  re u se d  in th e  S -P C N s. H o w e v e r, d iffe ren t physica l lay e r an d  d a ta  link  
p ro to c o ls  a re  d e f in e d  fo r  th e  sa te llite  signalling  links in o rd e r  to  a c c o m m o d a te  th e  lo n g  
p ro p a g a tio n  delay  an d  la rg e  p a th  lo ss. A  no v e l p rio rity -b ased  S -A L O H A  ra n d o m  
access  sch em e , b a se d  on  th e  g o o d  channel tran sm issio n  and  th e  tim e  c a p tu re  e ffec t, is 
p ro p o s e d  fo r  th e  R A C H  in o rd e r  to  im p ro v e  th e  access delay , in  p a rticu la r , th e  delay
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p e rfo rm a n c e  o f  th e  delay  sen sitiv e  ra n d o m  access  p ack e ts . T his a p p ro a c h  is sh o w n  to  
e ffec tiv e ly  red u ce  th e  ca ll se t-u p  de lay , le ad in g  to  im p ro v ed  se rv ice  q u a lity .
C h a p te r  4  dea ls  w ith  th e  m ob ility  m an ag em en t signalling  in  th e  S -P C N s. T h e  
g u a ra n te e d  c o v e ra g e  a re a  (G C A ) [S A ID 1 5 ][A N 9 5 /1 ] ap p ro ach  is se lec ted  fo r  th e  S - 
P C N s. T h e  ad v an tag es  o f  th e  G C A  ap p ro ach  are: a) sa te llite  d ynam ics w h ich  is 
h an d led  by  th e  n e tw o rk  d o es n o t a ffec t m o b ile  te rm inals an d  b) m ob ile  p o s itio n in g  is 
n o t a  re q u ire m e n t. T h e  o p tim u m  G C A  sizes fo r  th e  IC O  10 and  th e  L E O 66 sy stem s are  
d e te rm in ed . T h e  p ag in g  ch an n el p e rfo rm a n c e  is ev a lu a ted  fo r  th e  tw o  sy stem s fo r  b o th  
o n e -s te p  an d  tw o -s te p  p ag in g  schem es. T o  c o u n te ra c t th e  channel fad in g  e ffec t, a  new  
u se r-a ss is te d -p a g in g  sch em e is p ro p o se d . T h e  p e rfo rm an ce  o f  th e  sa te llite  d iversity  
b a se d  p a g in g  ap p ro ach  is a lso  e v a lu a ted  an d  c o m p a re d  w ith  o th e r p a g in g  ap p ro ach es .
C h a p te r  5 rev iew s th e  d a ta  link  p ro to c o ls  o f  th e  G S M  D C C H . P ro b lem s o f  u s in g  th e  
S to p -A n d -W a it p ro to c o l fo r  th e  sa te llite  D C C H  are  ad d ressed . T o  p ro v id e  accep tab le  
ca ll s e t-u p  delay  p e rfo rm a n c e  in  th e  S -P C N s, th e  G o -B a c k -N  an d  S e lec tiv e  R e ­
tran sm iss io n  p ro to c o ls  a re  p ro p o se d  fo r  th e  S a te llite  D C C H  an d  n ecessa ry  
m o d ifica tio n s to  each  are  m ade. T h e  call se t-u p  delay  and  D C C H  signalling  lo a d  fo r  a  
g iv en  tra ff ic  lo ad  a re  ex a m in e d  fo r  th e  L E 0 6 6  an d  th e  IC O  10 sy stem s.
C h a p te r  6  rev iew s th e  G S M  n e tw o rk  a rch itec tu re , th e  signalling  sy s tem  an d  th e  h ig h er 
lay e r (ab o v e  lay e r 3) p ro to c o ls . I t  p re se n ts  th e  basic  fram ew o rk  fo r  th e  d ev e lo p m en t 
o f  a  s ig n a llin g  sy s tem  in  an  in teg ra ted  sa te llite  and  G S M  system .
In  c h a p te r  7 , th e  sing le  an d  sp lit M S C  (M ob ile  se rv ice  S w itch in g  C en te r)  in teg ra tio n  
scen a rio s  a re  in v es tig a ted  fo r  an  in te g ra te d  sa te llite  and  ce llu la r G S M  system . In  
p a rtic u la r , th e  h ig h e r lay e r p ro to c o ls  fo r  su p p o rt o f  th e  call co n tro l fu n c tio n a lity  are  
in v e s tig a te d  fo r  sa te llite  specific  ch a rac te ris tic s . C o m p ariso n s o f  th e  tw o  in teg ra tio n  
scen a rio s  a re  b a se d  o n  th e  call h and ling  re la te d  functions. T h e  s tu d y  leads to  an 
o p tim ized  in teg ra tio n  scen ario . A dd itionally , tw o  ap p ro ach es d ealing  w ith  th e  d u a l­
m o d e  te rm in a ls ’ tra c k in g  and  lo ca tio n  in  an  in teg ra tio n  sy stem  h av e  b een  p ro p o se d  
a n d  a n a ly z e d  fo r  th e  c o m p le tio n  o f  th e  in teg ra tio n  study .
F inally , in  c h a p te r  8 , co n c lu sio n s an d  p o ssib le  d irec tio n s fo r  th e  fu tu re  re se a rc h  w o rk  
in  th e se  re la te d  areas a re  fu lly  d iscussed .
1.4 MAJOR ACHIEVEMENTS
T h e  o rig in a l ach iev em en ts  o b ta in ed  d u rin g  th is  re sea rch  are  b rie fly  o u tlin ed  below :
1. A  sim u la tio n  m o d u le  h as  b een  p ro d u c e d  fo r  ev a lu a tin g  th e  p a c k e t e r ro r  ra te  in th e  
s ig n a llin g  sy s tem  o f  L E 0 6 6  an d  IC O  10 w ith  rea l ch an n e l co n d itio n s. C o m p ariso n  o f
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sim u la tio n  an d  analy tica l re su lts  h as  sh o w n  g o o d  ag reem en t h en ce  v a lid a tin g  th e  
m o d u le . U sin g  th is s im u la tio n  m o d u le , p ro p a g a tio n  d a ta  fro m  p ra c tic a l ex p erim en ts  
can  b e  u se d  w ith  rea l sa te llite  co n s te lla tio n s  in  o rd e r  to  y ie ld  th e  p a c k e t e rro r  
p e rfo rm a n c e  o n  th e  sa te llite  links. (C h ap te r 2)
2. A  d is tr ib u te d  sa te llite  n e tw o rk  a rch itec tu re  is p ro p o se d  fo r  e ffic ien t sa te llite  
r e so u rc e  m an ag em en t to  c o p e  w ith  p ro b lem s arising  fro m  th e  d ynam ics o f  th e  L o w  
E a r th  O rb it (L E O ) an d  M ed iu m  E a rth  O rb it (M E O ) sa te llite  c o n ste lla tio n s . T h e  
re u se  o f  th e  G S M  sig n a llin g  sy s tem  is d e s irab le  fo r  b o th  th e  u se rs  an d  th e  o p e ra to rs . 
M o d ifica tio n s  to  th e  G S M  signalling  sy stem  are , h o w ev e r, n ecessa ry  fo r  th e  S - 
P C N s  to  su it th e  sa te llite  specific  links an d  th e  specific  c o n tro l p ro c e d u re s  o f  
sa te llite  m o b ile  system s. T h e  c o n c e p t o f  G S M  logical signalling  ch an n e ls  is re u se d  
fo r  th e  S -P C N s. A  physica l lin k  lay e r fo r  th e  sa te llite  a ir-in te rface , i.e . th e  T D M A  
ch an n e l an d  fram e , an d  th e  m u lti-fram e  s tru c tu re s  o f  a  signalling  ca rr ie r , is defined  
so  th a t  th e  p ro b lem s a sso c ia te d  w ith  th e  L E O  and  M E O  b ased  S -P C N s can  b e  
ta k e n  in to  acco u n t. (C h a p te r  3)
3 . A  n o v e l p r io rity -b a se d  fa s t access  (P B F A ) p ro to c o l, b a se d  o n  th e  g o o d  channel 
tran sm iss io n  (G C T ) ap p ro a c h  an d  tim e  c a p tu re  effec t, is p ro p o se d  fo r  th e  sa te llite  
R A C H . T h e  im p ro v em en t in  sa te llite  ra n d o m  access p e rfo rm an ce  ach iev ed  by  th e  
p ro p o se d  a p p ro a c h  by  c o u n te ra c tin g  th e  fad in g  e ffec ts  is s ign ifican t c o m p a re d  to  
th e  co n v en tio n a l S lo tte d  A L O H A  p ro to c o l u se d  in G S M . In  p a rticu la r , th e  P B F A  
sc h e m e  o p tim izes  th e  p e rfo rm an ce  o f  de lay  sen sitiv e  access p ack e ts  w h ich  a ffec t th e  
call s e t-u p  tim e an d  th e  lo a d  o f  o th e r  s ignalling  channels (e .g . p a g in g  channel). 
(C h a p te r  3)
4. A  u se r-a ss is te d  p ag in g  a p p ro a c h  has b een  p ro p o se d  fo r  b o th  th e  o n e -s te p  an d  th e  
tw o -s te p  p ag in g  scen ario s . S a te llite  d iversity  b ased  p ag in g  ap p ro ach , i.e . th e  u se r  
a ss is te d  tw o -s te p  p ag in g  sch em e, is p ro v e d  to  b e  su p e rio r  in te rm s o f  th e  p ag in g  
d e la y  a n d  th e  P G C H  lo ad . (C h a p te r  4 )
5. M o d ifie d  G o -B a c k -N  (M -G B N ) an d  S e lec tiv e  R e-tran sm issio n  (M -S R T ) p ro to c o ls  
h av e  b e e n  p ro p o se d  an d  ev a lu a te d  fo r  th e  sa te llite  D C C H  lin k  layer. T h e  air- 
in te rface  signalling  p ro c e d u re s  fo r  m ob ile  o rig in a ted  an d  te rm in a te d  call se t-u p , 
b a se d  o n  tw o  D C C H  lin k  lay e r p ro to c o ls , a re  sim ula ted . T h e  call s e t-u p  delay  and  
th e  signalling  ch an n el lo ad  fo r  th e  IC O  10 an d  L E O 66 sa te llite  sy stem s a re  a lso  
e v a lu a ted . T w o  p ro to c o ls  a re  c o m p a re d  in im p lem en ta tion  co m p lex ity , th e  ca ll s e t­
u p  de lay , an d  signalling  lo ad  p e rfo rm an ce  in  d iffe ren t en v iro n m en ts  (e .g ., h ighw ay , 
c ity ) an d  d iffe re n t sa te llite  c o n ste lla tio n s . (C h ap te r 5)
6. T w o  in teg ra tio n  scen ario s  fo r  S -P C N  an d  ce llu la r G S M , th e  sp lit M o b ile  S w itch in g  
C e n tre  (M S C ) and  th e  sing le  M S C , a re  in v es tig a ted  fro m  th e  v iew  p o in t o f  th e  
h ig h e r lay e r p ro to c o ls  th a t p ro v id e  th e  call c o n tro l re la ted  fu n c tio n s. C o m p ariso n s  
o f  n e tw o rk  signalling  lo ad s  fo r  th e  tw o  in teg ra tio n  scen ario s  a re  p e rfo rm e d  v ia
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sim u la tio n . T h is  s tu d y  re su lts  in  an  o p tim ized  in teg ra tio n  scen ario  in  te rm s o f  
m in im u m  m o d ifica tio n s to  th e  G S M  signalling  sy stem  and  th e  m in im um  
c o m p le x itie s  o f  th e  co n tro ls  fu n c tio n s . (C h ap te r 7)
7 . T w o  ap p ro a c h e s , G S M -lik e  an d  seg m en t tra c k in g  en tity  a p p ro ach es , p e rfo rm in g  
th e  m ob ility  m a n ag em en t o f  d u a l-m o d e  te rm in a ls  in an  in te g ra te d  sa te llite  and  
G S M  sy s te m  are  p ro p o se d  an d  in v estig a ted .
T h e  a b o v e  a re  all c o n s id e re d  to  b e  n ew  an d  orig inal c o n trib u tio n s  to  th e  dynam ic 
sa te llite  s ig n a llin g  area.
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C h a p t e r  2  
N o n - G e o s t a t i o n a r y  S a t e l l i t e  S y s t e m s
P ro b le m s  a s s o c ia te d  w ith  n o n -g e o s ta tio n a ry  s a te ll i te s  in  th e  
p r o v is io n  o f  p e r s o n a l  co m m u n ica tio n  se rv ic e s , su ch  a s  s a te ll ite  
d yn a m ics , lin k  p o w e r  lim ita tio n , lo n g  p r o p a g a tio n  d e la y  a n d  p a th  
d e la y  d iffe ren ce  in  a  c o v e ra g e  zon e , a r e  in v e s tig a te d  f o r  tw o  n on -  
G E O  sa te ll i te  c o n s te lla tio n s :  L E O 66 a n d  IC O IO . T he s a te ll ite  
c o n n e c tiv ity  d a ta  is  c o m b in e d  w ith  th e  s a te ll ite  ch a n n e l m o d e l in  
o r d e r  to  e v a lu a te  th e  p a c k e t  e r r o r  ra te  a t  th e  s a te ll ite  a ir - in te r fa c e .
2.1 INTRODUCTION
T h e  te c h n o lo g y  o f  g eo s ta tio n a ry  (G E O ) sa te llite  co m m u n ica tio n s system s is n o w  
m a tu re  a n d  w ell u n d e rs to o d  since  th e se  a rch itec tu re s  hav e  b een  s tu d ied , d e s ig n ed  and  
im p lem en ted  fo r  m any  d iffe ren t app lica tio n s. R ecen tly  th e re  has b een  re n e w e d  in te re s t 
in  n o n -G E O  sa te llite  sy stem s to  p ro v id e  p e rso n a l co m m u n ica tio n  se rv ices  (e .g . 
Irid iu m , inc lined  c ircu la r  o rb it-IC O , G lo b a ls ta r, e tc .) . T h ese  sy stem s a im  a t g lobal 
c o v e ra g e  u s in g  sa te llite  c o n ste lla tio n s  in  n o n -g eo sta tio n a ry  o rb its  (lo w  e a r th  o rb it-  
L E O , m ed iu m  e a rth  o rb it-M E O ). T h e  m ain  rea so n  th a t n o n -G E O  sa te llite s  a re  
fa v o u re d  is th e ir  ad v an tag e  in  lin k  p o w e r  b u d g e t. A lso , re d u c e d  p ro p a g a tio n  delay  
c o m p a re d  to  G E O  sa te llite s  w ill b e n e fit v o ice  com m u n ica tio n s.
T h e  d es ig n  o f  a  n o n -G E O  sa te llite  sy s tem  is very  d ifferen t fro m , an d  o ften  m o re  
c o m p lic a te d  th an , th a t o f  a  G E O  sa te llite  sy stem . In  fac t, w h ils t a  G E O  sa te llite  can  b e  
an a ly sed  in d ep en d en tly , o n e  h as  to  d ea l w ith  th e  w h o le  co n ste lla tio n  o f  L E O /M E O  
sa te llite s  in  o rd e r to  ca lcu la te  lin k  b u d g e ts  an d  d e riv e  se rv ice  ava ilab ility  figu res.
2.2 SATELLITE CONSTELLATIONS
T h e  o p e ra tin g  a ltitu d e  o f  n o n -G E O  sa te llites  h as  been  co n fin ed  to  tw o  k in d  o f  o rb its: 
L E O  an d  M E O , w h ich  a re  d e te rm in ed  by  th e  rad ia tio n  ch a rac te ris tic s  o f  o u te r  space . 
T h e  V a n  A llen  b e lt co n ta in s  tw o  k inds o f  c h a rg e d  p a rtic le s  (e lec tro n s  an d  p ro to n s )  
tra p p e d  by  th e  e a r th ’s m ag n e tic  fie ld , c e n tre d  o n  th e  e q u a to r  b e tw e e n  a ltitu d es o f  
2 1 0 0  to  5 3 0 0 k m  (in n er b e lt) an d  1 3200  to  1 9 5 0 0 k m  (o u te r)  [W H I9 2 a]. T o  c o u n te ra c t 
th e  ra d ia tio n  fro m  th e  V an  A llen  be lt, rad ia tio n  h a rd en ed  c o m p o n en ts  an d  ad v an ced  
sh ie ld ing  tech n o lo g y  h av e  to  b e  u se d  o n  b o a rd  th e  sate llites. A s a  co n se q u e n c e , th e  
sa te llite  c o s t w ill in c rease . T h e re fo re  L E O  a ro u n d  1000km  and  M E O  a ro u n d  10 0 0 0 k m  
h av e  b e e n  se lec ted  to  p ro v id e  sa te llite  p e rso n a l co m m u n ica tio n  serv ices.
M an y  n o n -G E O  sa te llite  n e tw o rk s  h av e  b een  p ro p o se d  and  s tu d ied  o v e r  th e  p a s t  2 0  
y ea rs  fo r  co m m erc ia l an d  m ilita ry  ap p lica tio n s. R id e r [R ID 85] and  B a lla rd  [B A L 80]
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sh o w e d  th a t o p tim ised  sa te llite  co n ste lla tio n s  in p o la r  o r  inc lined  c ircu la r  o rb its  w o u ld  
g iv e  th e  b e s t w o rld -w id e  co v e rag e .
ip: the largest great circle range between an 
observer anywhere on the Earth’s surface 
and the nearest sub-satellite point 
9: the earth central angle 
/J: the nadir angle for a SB 
5: the earth central angle subtended by the SBs
Sub­
satellite
point
H: Satellite altitude 
R: Earth radius 
E: Elevation angle
F ig u re  2 -1  G e o m e try  o f  sa te ll i te  c o v e ra g e
In  th e  s tu d y  o f  sa te llite  c o n ste lla tio n s , an  im p o rta n t g eo m etry  p a ra m e te r, th e  e a rth  
cen tra l ang le  0  , w h ich  is re la te d  to  th e  in s tan tan eo u s  co v e rag e  o f  a  sing le  sa te llite , is 
de fin ed . I t  is d e te rm in ed  by  th e  sa te llite  a ltitu d e  an d  th e  m in im um  e lev a tio n  ang le  E  o f  
th e  e a rth  c o v e ra g e  as illu s tra te d  in  F ig u re  2 -1 .
R .
0  =  9 0  -  is -  a rc s in (co s  E  x
R + H
(2 .1 )
A s sh o w n  in  F ig u r e  2 - 2 ,  a  20° e a rth  cen tra l ang le  c o rre sp o n d s  to  th e  Irid iu m  
c o n s te lla tio n , w h e reas  a  58° ea rth  cen tra l an g le  is ad o p ted  b y  th e  IC O  10 co n ste lla tio n .
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Figure 2-2 Elevation angle vs. satellite orbit altitude fo r  various earth central angle
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2 .2 .1  P o la r  C o n ste lla tio n
P o la r  co n ste lla tio n s  co n s is t o f  a  n u m b er o f  sa te llites  th a t h av e  a co m m o n  in te rse c tio n  
a t th e  p o la r  axis. S a te llite s  w ith  th e  sam e a ltitu d e  are  equally  d is tr ib u te d  a ro u n d  th e  
c irc u la r  o rb its . T h e  sa te llite  d ensity  is h ig h es t a t  th e  p o les  an d  lo w e s t a t th e  e q u a to r . 
T h e  o rb it sep a ra tio n  and  sa te llite  sp ac in g  on  o n e  o rb it a re  a d ju s ted  to  m in im ise th e  
n u m b e r  o f  sa te llite s  re q u ire d  to  p ro v id e  a  g lo b a l co v erag e .
T h e  “S tre e t-o f-C o v e ra g e ” tech n iq u e  ap p lied  to  p o la r  co n ste lla tio n s w as  firs t p ro p o se d  
in  [L U D 6 1 ] an d  s tu d ie d  in  [B E S 7 8 ], [R ID 85] and  [A D A 87]. T h e  fo o tp r in ts  o f  
sa te llite s  d is tr ib u te d  in  a  p o la r  o rb it o v e rlap  to  p ro v id e  a  co n tin u o u s  b a n d  o f  co v e ra g e  
a lo n g  th e  o rb it p ro jec tio n . T h e  h a lf  s tre e t w id th  o f  co v e ra g e  c j is g iv en  by
Cj -  a rc c o s[c o s0  /  c o s ( j n  /  s)] (2 .2 )
w h e re  0 is th e  e a rth  cen tra l ang le  and  j =  1 c o rre sp o n d s  to  th e  sing le  s tre e t co v e ra g e  
p ro v id e d  b y  s  sa te llite s  in  th e  sam e  orbit.
F o r  an  arb itra rily  p h a se d  c o n ste lla tio n s , th e  ascen d in g  n o d es o f  th e  o rb its  a re  equally
d is tr ib u te d  a lo n g  h a lf  th e  e q u a to r . T h e  n u m b er o f  o rb its  re q u ire d  to  p ro v id e  g lobal
co v e ra g e  is , th e re fo re
0  =  n / 2 c j  (2 .3 )
Pole
F ig u re  2 -3  S tr e e t  c o v e r a g e  o f  o p tim a l p h a s in g  p o la r  c o n s te lla tio n
T o  m in im ise  th e  n u m b e r o f  sa te llites , th e  op tim a l in te r-o rb it p h asin g  is in v es tig a ted  in 
[B E S 7 8 ] a n d  [A D A 8 7 ]. T h e  in te r-o rb it p h as in g  ang le  is defined  as th e  re la tiv e  p o s itio n  
b e tw e e n  sa te llite s  in  a d jacen t c o -ro ta tin g  o rb its . T h e  m ax im um  sp ac in g  b e tw e e n  o rb its
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is  a c h ie v e d  b y  k e e p in g  th e  in te r-o rb it p h as in g  an g le  su ch  th a t a  sa te llite  fo o tp r in t c e n tre  
o f  C (2 ,2 )  is a t th e  m id d le  o f  th e  d is tan ce  b e tw e e n  th e  o th e r  tw o  sa te llite s ’ fo o tp r in t 
c e n tre s  A  an d  B w h ich  a re  in  th e  a d jacen t o rb it, as sh o w n  in  F ig u r e  2 - 3 .  T h e re fo re  th e  
sing le  c o v e ra g e  fro m  th e  p o le s  to  th e  lo w e r la titu d e  lim it (([)) o f  th e  c o v e ra g e  is 
p ro v id e d  b y  O  o rb its  (in  th e  c a se  o f  g lo b a l co v e rag e , (J) = 0 °)
( O  - 1)(0 +  C j)  +  2 c j  =  % cos (j) (2 .4 )
T h e  c o m p a riso n  b e tw e e n  a rb itra ry  an d  op tim a l p h as in g  co n s te lla tio n s  sh o w s th a t th e  
p h as in g  a p p ro a c h  c an  sign ifican tly  re d u c e  th e  n u m b er o f  sa te llites  re q u ire d  fo r  g loba l 
c o v e ra g e  [B E S 7 8 ]. F o r  in stan ce , a  co n ste lla tio n  o f  66  sa te llites (0  - 2 0 ° )  is d es ig n ed  
u s in g  th e  o p tim a l p h as in g  a p p ro a c h  w ith  6 n e a r p o la r  o rb its  an d  11 sa te llite s  in -each  
o rb it. T h is  co n ste lla tio n  (L E 0 6 6 )  is a lso  th e  o p tim u m  a m o n g  o p tim a l p h as in g  
c o n s te lla tio n s , w h ich  req u ire s  m in im um  n u m b er o f  sate llites. I f  a rb itra ry  p h as in g  is 
u sed , th e  n u m b e r o f  sa te llite s  re q u ire d  is a t le a s t 80  ( F ig u r e  2 - 4 ) .
T h e  e lev a tio n s  to  th e  p rim ary  (w ith  th e  h ig h e s t e lev a tio n  ang le) an d  seco n d a ry  (w ith  
th e  se c o n d  h ig h e s t e lev a tio n  ang le) sa te llites  in  th e  L E O 66 c o n s te lla tio n  a re  p lo tte d  
v e rsu s  th e  la titu d es  ( F ig u r e  2 - 5 ) .  T h e  m ean  e lev a tio n  ang le  to  th e  p rim ary  sa te llite  is 
a b o v e  2 0 °  fo r  all la titu d es. T h e  accep tab le  v isib ility  (e lev a tio n  ang le  >  15°) f ro m  th e  
s e c o n d  sa te llite  can  b e  o b se rv e d  on ly  w h en  th e  la titu d e  is a b o v e  60°. T h e re fo re  
d iv e rs ity  is n o t a  v iab le  ap p ro ach  fo r th e  p o la r  o rb it con ste lla tio n .
Number of satellites per orbit
Figure 2-4 Comparison between optimal phasing and arbitrary phasing polar constellation
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F ig u re  2 -5  M e a n  e le v a tio n  d is tr ib u tio n  in Ir id iu m  c o n s te lla tio n
2 .2 .2  I n c l in e d  C irc u la r  C o n s te lla tio n  (IC C )
S in ce , in  p o la r  co n ste lla tio n s , sa te llite  v isib ility  im p ro v es as th e  la titu d e  in c reases , su ch  
c o n s te lla tio n s  d o  n o t fa v o u r  th e  lo w  an d  m ed iu m  la titu d es. In  c o n tra s t, th e  IC C  can  b e  
o p tim ise d  fo r  a  g iv en  la titu d e  w h e re  th e  m a jo rity  o f  th e  traffic  is lo ca ted . T h e  IC C  has 
th e  benefic ia l p ro p e rty  th a t  o rb its  rem ain  in  a  re la tively  fix ed  p a tte rn . F o r  sing le  
sa te llite  visib ility , IC C s are  m o re  e ffic ien t th an  p o la r  co n ste lla tio n s  in  te rm s o f  th e  
re q u ire d  n u m b e r o f  sa te llites.
T h e  R o s e tte  p a tte rn  w as  a d o p te d  by  W a lk e r to  sea rch  fo r  th e  o p tim ised  co n ste lla tio n s  
in  th e  in c lin ed  c irc u la r  o rb it [W A L 7 3 ,7 7 ]. H e  sh o w ed , th ro u g h  ex am p les , th a t 
c o n s te lla tio n s  fo r  g lo b a l co v e ra g e , w h ich  em p lo y  e ith e r  u p  to  15 sa te llite s  fo r  single 
v isib ility  o r  u p  to  25  sa te llites fo r  o p tim u m  m u ltip le  visibility, a re  p o ssib le . B a lla rd  
[B A L 8 0 ] e x te n d e d  an d  g en e ra lised  W a lk e r’s w o rk  by  m athem atica lly  d esc rib in g  th e  
sa te llite  o rb it  o p tim isa tio n  p ro c e ss . T h e  key  p a ra m e te r  o f  IC C  d esig n  is th e  la rg e s t 
g re a t c irc le  ra n g e  ( T )  b e tw e e n  an  o b se rv e r an y w h ere  on  th e  E a r th ’s su rface  an d  th e  
n e a re s t  su b -sa te llite  p o in t. I t  is a  p a ra m e te r  p ro v id in g  m o re  su itab le  m e a su re  o f  g o o d  
g e o m e try  c o v e ra g e  th a n  e lev a tio n  ang le  sin ce  it  is in d ep en d en t o f  th e  sa te llite  a ltitude . 
T  su b ten d s  th e  e a rth  cen tra l ang le  0  as sh o w n  in F ig u r e  2 - 1 .  B es id es  th e  inc lina tion
ang le , o th e r  o rb it o rien ta tio n  ang les u se d  to  d efine  a  R o se tte  co n ste lla tio n  a re  g iven  as
b e lo w :
a  i — 2 n i  /  O , i  =  0  to  0 - 1  ( 2 .5 )
y . =  m a m - ( 0  to Ns-1 )/s  (2 .6)
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T h e  o rb its  a re  un ifo rm ly  d is tr ib u te d  in  a  r ig h t a scen sio n  ang le  a,- as th ey  p ass  th ro u g h  
th e  e q u a to r , an d  is th e  in itial p h a se  ang le  o f  sa te llites in th e  i th  o rb it a t t= 0 , 
m e a su re d  fro m  th e  p o in t o f  r ig h t ascen sio n . T h e  sh o rth a n d  n o ta tio n  (N s, 0 , m )  is u se d  in 
[B A L 8 0 ] to  d e sc rib e  a  ro se tte  c o n s te lla tio n  w ith  N s to ta l sa te llite s , O  o rb it p la n e s  an d  a  
h a rm o n ic  fa c to r  £m ’. T h e  d e n o m in a to r ‘s ’ in  E q u a tio n  2 .6  is th e  n u m b e r o f  sa te llites  in 
an  o rb it.
T h re e  in c lined  c irc u la r  co n s te lla tio n s  h av e  b e e n  p ro p o se d  fo r  g loba l co v e rag e : IC O , 
G lo b a ls ta r  an d  O d yssey  ( T a b le  2 - 1 ) .  T h e  m ax im um  c irc le  ra n g e  (\j/) fo r  IC O , 
G lo b a ls ta r  an d  O dyssey  a re  5 8°, 2 6 .2 °  an d  4 7 .3 °  resp ec tiv e ly . IC O  an d  O dyssey  
sa te llite s  a re  d e p lo y e d  in  M E O , w h ereas  th e  G lo b a ls ta r  is a  L E O  sa te llite  sy stem .
B o th  IC O  an d  G lo b a ls ta r  w ill u se  sa te llite  d iversity  to  im p ro v e  th e  channel 
p e rfo rm a n c e . A s sh o w n  in  F ig u r e  2 - 6  fo r  th e  IC O  co n ste lla tio n , w h ils t th e  m ean  
e le v a tio n  to  th e  p rim ary  sa te llite  is k e p t  a b o v e  2 0 ° , th e  m ean  e lev a tio n  to  th e  se c o n d  
b e s t  v isib le  sa te llite  is a b o v e  14° fo r  all la titu d es. I t  can  a lso  b e  o b se rv e d  th a t th e  m ean  
e le v a tio n  ang les to  th e  tw o  sa te llites  (p rim ary  an d  seco n d ary  sa te llites) a re  a b o v e  4 0 °  
an d  2 0 °  re sp ec tiv e ly  w h en  th e  la titu d e  is b e lo w  50°. T h e  m ean  e lev a tio n  ang le  
d is tr ib u tio n  o f  th e  G lo b a ls ta r  co n s te lla tio n  is p lo tte d  in F ig u r e  2 -7 .  C o v e ra g e  is n o t 
ava ilab le  a b o v e  7 5 °  la titu d e  o w in g  to  th e  u se  o f  inc lined  o rb its  an d  to  th e  lo w  a ltitude . 
T h e  m e a n  e le v a tio n  to  th e  se c o n d  sa te llite  is  a b o v e  15° w h en  th e  la titu d e  is  b e lo w  60°.
Latitude
Figure 2-6 Mean elevation distribution o f ICO 10 constellation
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Latitude
F ig u re  2 - 7  M e a n  e le v a tio n  a n g le  d is tr ib u tio n  o f G lo b a l s ta r  c o n s te lla tio n
2.3 PROPOSED SATELLITE CONSTELLATIONS
T h e  p rim a ry  fea tu re s  o f  I r id iu m  an d  IC O  sa te llite s  h av e  b een  lis ted  in  T a b le  1 -1 .  In  th is 
se c tio n , tw o  sa te llite  c o n ste lla tio n s , L E O 66 an d  IC O  10, as re p re se n ta tiv e  o f  L E O  and  
M E O  sy stem s resp ec tiv e ly , a re  fu r th e r  in v estig a ted . M an y  p a ra m e te rs , su ch  as th e  
d e lay  d iffe ren ce , th e  free  sp ace  lo ss  an d  th e  sa te llite  an ten n a  gain , a re  d e p e n d e n t o n  th e  
g e o m e try  o f  th e  sa te llite  co n ste lla tio n , an d  in  p a r tic u la r  th e  sp o t b e a m  (S B ) s tru c tu re .
2 .3 .1  G eo m etry  o f  a  M u lti-b e a m  S a te llite  C ov e ra se
T o  in c re a se  th e  link  availability , sa te llite  m o b ile  system s u se  m u lti-sp o t-b eam s 
p ro v id in g  th e  c o v e rag e . T h e  n u m b e r o f  S B s d ep lo y ed  in a  sa te llite  c o v e ra g e  is 
d e te rm in e d  by  th e  fo llo w in g  fac to rs : th e  m ax im u m  cap ac ity  th a t a  b e a m  can  su p p o rt; 
th e  to ta l  availab le  b an d w id th ; th e  SB  size  w h ich  n eed s to  b e  sm all e n o u g h  to  in crease  
th e  sa te llite  a n te n n a  gain  w h ich  lead in g  to  a  sav in g  o f  th e  p o w e r co n su m p tio n  a t b o th  
th e  sa te llite  an d  th e  m ob ile  te rm ina ls . H o w e v e r , sm all SB  size  lead s to  a  sh o rt visibility 
tim e  o w in g  to  th e  sa te llite  dynam ics. T h is  p ro b le m  can  be  so lv ed  by  e lec tro n ica lly  
s te e rin g  a  sa te llite  a n te n n a  as it  p a sse s  o v e r  [T U C 9 3 ], so  th a t th e  S B ’s c o v e ra g e  can  b e  
fix ed  d u rin g  th e  sa te llite  v is ib le  period .
T h e  g e o m e try  o f  a  m u lti-b eam  sa te llite  c o v e ra g e  a rea  is ad d re ssed  in  R ef. [M A R 9 1 ]. I t  
is a ssu m e d  th a t th e  sa te llite  S B s h a v e  th e  sam e size. A ctually  th e  o u te r- t ie r  S B s  a re  
e n la rg e d  d u e  to  th e  c u rv a tu re  o f  th e  ea rth . T h e  n u m b er o f  S B s N c is  g iv en  b y
6n (n  + 1)
N = l  + (2.7)
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w h e re  n  is th e  n u m b er o f  tie rs . H en ce  fo r  11=  1, 2 , 3 , ... and  7 , a  sa te llite  m u lti-b eam  
s tru c tu re  c o n s is ts  o f  7 -, 19-, 3 7 - ...an d  169-beam s respec tive ly . T h e  n a d ir  an g le  o f  S B s 
fo r  a  g iv e n  tie r  n  is e x p re sse d  as
—  =  ta n -1 
2
t f s i n g j
H  +  R - R c o s \ Y
( 2 .8 a )
P„ = tan-1
Z sin
(2 n + 1)8 
2
H  +  R - R c o s
(2 n  +1)5
2 J.
X P . - k (2 .8 b )
w h e re  8 ( F ig u r e  2 - 1 ) is th e  e a r th -c e n tre  ang le  su b ten d ed  by  th e  S B s. p  is th e  n ad ir 
an g le  fo r  a  g iv en  sp o t b eam . B e c a u se  o f  th e  eq u a l size  a ssu m p tio n  fo r  th e  S B s, 5  o f  
d iffe re n t tie rs  is a ssu m e d  to  b e  eq u a l an d  g iv en  by:
20
8 =
I n  + 1
(2 .9 )
8 is on ly  an  ap p ro x im a tio n  o f  th e  sp o t b eam  co n fig u ra tio n . In  fa c t, th e  p rac tica l s p o t  
b e a m  is la rg e r  th an  th a t g iv e n  in  ab o v e  eq u a tio n  d u e  to  th e  sp o t b e a m  o v erlap p in g .
2 .3 .2  S a te llite  A n te n n a
T h e  se lec tio n  o f  SB  n u m b ers  is c lo se ly  re la te d  to  th e  ea rth  cen tra l an g le  0, as w ell as 
to  th e  sa te llite  an te n n a  size. F o r  a  g iven  0, th e  g re a te r  th e  n u m b er o f  S B s, th e  sm aller 
th e  S B  n a d ir  an g le  (p„). T h e re fo re  th e  sa te llite  an ten n a  gain  can  b e  in c reased . T h e  
sa te llite  an ten n a  3dB  b e a m w id th  is inversely  p ro p o rtio n a l to  th e  a n ten n a  d iam e te r
X
p 3 d B 7 0 — (° )  
Z) v '
an d  th e  a n te n n a  g a in  a t th e  e d g e  o f  SB  co v e ra g e  is ex p re ssed  as [M A R 9 3 ]:
G sat =  lO lo g r j
W > ;
t - 3
P„ )
\  % . V P 3 d B  J
( d B i )
(2 .1 0 )
(2 .1 1 )
S in ce  th e  m u lti-b eam  co v e ra g e  is fo rm e d  b y  o n e  an ten n a  re f le c to r  w ith  an  a rray  o f  
fe e d e rs , th e  n ad ir ang le  o f  th e  cen tra l SB  (w h ere  th e  su b -sa te llite  p o in t is lo c a te d ) is 
w id e r th a n  th a t  o f  th e  o u te r  la y e r’s SB  fo r  a  g iven  eq u a l size  o f  b e a m  c o v e rag e . I f  th e  
n a d ir  an g le  o f  th e  o u te rm o s t SB  is a ssu m ed  as p .^ ,  th e  gain  v a ria tio n  in side  th e  cen tra l 
SB  c o v e ra g e  m ig h t b e  v e ry  la rg e  (> 3 d B ). T h e  sa te llite  an ten n a  d ia m e te r  o f  2 .1 8 m  has 
b e e n  se le c te d  fo r  an  IC O  10 like  system , b a lan c in g  b e tw een  th e  sa te llite  a n ten n a  gain  
an d  th e  n ad ir ang les o f  th e  d iffe ren t SB  tie rs . A s sh o w n  in F ig u r e  2 - 8 ,  th e  m ax im u m  
a n te n n a  g a in  is a t th e  c e n tre  o f  e ach  S B . T h e  gain  is re d u c e d  to  th e  lo w e s t p o in t (- 
3 .5 d B ) a t th e  b o u n d a ry  o f  cen tra l S B  b ecau se  th e  n ad ir ang le  ex ceed s  P ^ .  T h e  gain  
va rian ces  in  th e  o u te rm o s t S B s a re  on ly  0 .1 2 d B . T h e  d iffe rences o f  ga in  v a ria tio n  in
15
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d iffe re n t SB  tie rs  m ak e  th e  rece iv in g  p o w e r  a t th e  b o u n d ary  o f  th e  in n er S B s sim ilar to  
th a t  o f  th e  o u te rm o s t S B s b e c a u se  o f  th e  free  sp ace  lo ss d ifferences (2 .8 7 d B  fo r  IC O  
sa te llite )  b e tw e e n  su b -sa te llite  p o in t an d  th e  b o u n d a ry  o f  th e  fo o tp rin t ( F ig u r e  2 - 9 ) .
Spot beam tiers
Figure 2-8 Satellite antenna gain
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Figure 2-9 Free space loss in SB coverage
2 .3 .3  Ir id iu m  M u lti-b e a m  S a te llite
Ir id iu m  sa te llites a d o p t a  4 8 -b eam  p a tte rn  th a t c o n s titu te s  fo u r-lay e rs  o f  c irc u la r  S B s 
w ith  d iffe ren t S B  sizes ( T a b le  2 - 1 ) .  B e c a u se  th e  L E O 66 has low  o rb it a ltitu d e  and
16
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fe w e r  S B s , c o m p a re d  to  th e  IC O  sa te llites, th e  SB  n ad ir ang le  is m u ch  w id e r fo r  
I r id iu m  S B s. T h e  ch o ice  o f  a  w id e r 3dB  b eam w id th  w h ich  w ill y ie ld  sm alle r sa te llite  
a n te n n a  size  (1 .3 5 m  as se lec ted ) w ill re d u c e  th e  gain  va rian ce  in side  th e  S B . T h e  
d iffe ren ce  b e tw e e n  sa te llite  a n ten n a  gain  a t th e  b o u n d arie s  o f  th e  o u te rm o s t an d  th e  
in n e r  S B s is as h ig h  as 8dB . H o w ev e r, th e  d iffe ren ce  in  free  sp ace  lo ss  b e tw e e n  th em  is 
a lso  a b o u t 8dB . T h e re fo re  th e  rece iv in g  p o w e r  a t th e  b o u n d aries  o f  d iffe ren t SB  tie rs  
ten d s  to  b e  a t th e  sam e  leve l. T h is  is  th e  p ro p e rtie s  o f  iso flu x  an ten n a .
ICO  satellite (E  >  10°) L E 0 6 6  satellite (E > 8°)
N o o f layers 8 1st 2nd 3rd 4th
The num ber of SB 163 3 9 15 21
O ne SB diam eter (km) 862 529 422 463 789
O ne SB pass duration (m inutes) 7.72 1.32 1.05 1.16 1.97
O ne satellite pass (m inutes) 115.7 10.96
O ne satellite coverage range (km) 12913 4386
Satellite  3dB beam w idth (°) 4.4 9.6
Satellite antenna(m ) 2.18 1.35
T a b le  2 -1  IC O  1 0  a n d  L E 0 6 6  m u lti-b e a m  sy s te m s
O w in g  to  th e  lo w  o rb it a ltitu d e , ca ll h a n d o v e r  is very  fre q u e n t in  a  L E O  system , 
e sp ec ia lly  w h e n  m u lti-b eam  sa te llites  a re  u sed . A s sh o w n  in T a b le  2 -1 ,  o n e  sa te llite  
p a ss  ta k e s  ap p ro x im ate ly  l lm in s  an d  th e  SB  p ass  d u ra tio n  o f  th e  Irid iu m  sy stem  is 
m ere ly  1-2 m in.
2 .3 .4  O th e r  F e a tu re s  o f  M u lti-b e a m  S a te llite  C o vera se
T h e  m ax im u m  delay  d iffe ren ces ( d mctx- d min) / c  (in th is  case  d  is th e  d is ta n c e  b e tw e e n  an 
M S  an d  a  sa te llite ) in  th e  S B s o f  b o th  IC O  10 a n d  L E O 66 sa te llites is o f  th e  sam e  o rd e r  
o f  m ag n itu d e , as sh o w n  in F ig u r e  2 - 1 0 .  T h e  m ax im um  delay  d iffe ren ce  in  a  SB  is an 
im p o rta n t p a ra m e te r  th a t a ffec ts  th e  p e rfo rm a n c e  o f  ran d o m  access channe ls . F ig u r e  2 -  
1 1  illu s tra te s  th e  e lev a tio n  ang le  o f  each  tie r  o f  S B s. T h e  e lev a tio n  ang le  to  an  IC O  10 
sa te llite  is in c reased  in  th e  o rd e r  o f  10° fro m  th e  o u te rm o s t tie r  o f  S B s to  th e  cen tra l 
S B . In  th e  Irid iu m  sy stem , th e  e lev a tio n  ang les in  th e  d iffe ren t tie rs  o f  S B s a re  n o t 
u n ifo rm ly  d is trib u ted . T h e  e lev a tio n  ang le  o f  th e  cen tra l tie r  o f  S B s is in  th e  ra n g e  o f  
5 0 °  to  9 0 ° , w h e re a s  th e  e le v a tio n  ch a n g e  o f  th e  o u te rm o st tie r  o f  S B s is o n ly  10°.
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Spot beam tiers
Figure 2-10 Delay difference in SB coverage
Sub-satellite point 2  4 6 8
Spot Beam tiers
Figure 2-11 Elevation angle at the edge o f SB coverage
2.4 SATELLITE CHANNEL MODEL
A s in  m o b ile  ra d io  ch an n els , sa te llite  channels are  n o t ideal. T h e  signal re ce iv ed  a t  a  
m o b ile  an te n n a  in c lu d es a  d ire c t c o m p o n e n t fro m  th e  sa te llite , a  g ro u n d -re fle c te d  
c o m p o n e n t an d  a  d iffu se  c o m p o n e n t co m in g  fro m  th e  su rro u n d in g  en v iro n m en t. O w in g  
to  th e  m o v em en ts  o f  th e  m ob iles an d  o f  n o n -G E O  sate llites, th e  chan n els  a re  tim e- 
v a rian t. T h e  e ffe c t o f  tim e  va rian ce  can  b e  su b d iv id ed  in to  fa s t fad in g  c a u se d  by  th e
18
d e s tru c tiv e  o r  c o n s tru c tiv e  su p e rp o s itio n  o f  m u ltip a th  signals, and  s lo w  fad in g  c au sed  
b y  sh ad o w in g .
2 .4 .1  M e th o d s  o f  C o u n te r a c tin s  th e  F a d in g  E f fe c t
S h a d o w in g  p ro c e ss  p o se s  th e  m a jo r  th re a t to  a ccu ra te  d a ta  tran sm issio n . W h e n  th e  line 
o f  s ig h t signal f ro m  th e  c o n c e rn e d  sa te llite  is b lo ck ed , it is h ighly  likely  th a t  e rro rs  w ill 
o c c u r  a n d  th a t d a ta  p ack e ts  w ill h a v e  to  b e  re -tran sm itted .
T h e  sh ad o w in g  p h en o m en o n  on  sa te llite  channels is a  fu n c tio n  o f  th e  e lev a tio n  angle. 
T h e  lo w e r  th e  e lev a tio n  ang le  to  a  m ob ile , th e  w o rs t th e  sh ad o w in g  c o n d itio n  w ill be . 
E n c o u n te r in g  a  lo w  e lev a tio n  ang le  is u n av o id ab le  o w in g  to  th e  c o n s ta n t m o tio n  o f  
n o n -G E O  sa te llites . W h en  a  sa te llite  in  co m m u n ica tio n  ap p ro ach es  th e  h o rizo n , th e  
ch a n n e l c o n d itio n  d e te rio ra te s  an d  it  m ay  b e c o m e  com ple te ly  u navailab le . T h e  p ro b le m  
is a llev ia ted  by  u sin g  sa te llite  d iversity  in  o rd e r  to  c o u n te ra c t th e  sh ad o w in g  an d  to  
so lv e  th e  sa te llite  h an d o v e r p ro b lem .
D iv ers ity  te ch n iq u es  h av e  b een  u se d  in  th e  R A K E  rece iv e r in  th e  C D M A  ce llu la r 
m o b ile  sy s tem  [K O H 9 2 ] in  o rd e r  to  so lv e  th e  in te rfe ren ce  p ro b lem  a t c e lls ’ b o u n d ary  
c a u se d  b y  freq u en cy  reuse . Q u a lco m m  [Q U A 92] a re  p ro p o s in g  a  L E O  sa te llite  C D M A  
sy s te m  (G lo b a ls ta r) b a se d  o n  th e ir  ex p e rien ce  in  th e  C D M A  ce llu la r m o b ile  system s. 
S a te llite  d iversity  is an  im p o rta n t m easu re  fo r  th e  G lo b a ls ta r sy s tem  in  o rd e r  to  
im p ro v e  rece iv ed  signal p e rfo rm an ce  and  to  rea lise  a  so ft h an d o v er. A lth o u g h  it  u se s  
T D M  A , th e  IC O  10 sy stem , w h ich  w as initially  p ro p o se d  by In m arsa t, w ill a lso  p ro v id e  
th e  a d v a n ta g e  o f  sa te llite  d iversity . T h e  IC O  10 co n ste lla tio n  is d e s ig n ed  to  p ro v id e  
d u a l d iv e rs ity  c o v e ra g e  ( F ig u r e  2 - 6 ) .  In d e e d  th e  d iversity  a p p ro a c h  c an  im p ro v e  th e  
se rv ice  p e rfo rm a n c e  u n d e r  sh ad o w in g  co n d itio n s . H o w e v e r th e  d ra w b a c k  is th a t it 
w o u ld  in c rea se  th e  co m p lex itie s  o f  te rm in a ls  and  n e tw ork .
S lo w  fa d in g  c an  b e  c o m p e n sa te d  b y  p o w e r co n tro l w h ich  req u ires  a  h ig h e r tran sm ittin g  
p o w e r  in  o rd e r  to  p ro v id e  th e  sh ad o w in g  m arg in . Irid iu m ’s lo w  e a rth  o rb its  can  
p ro v id e  a b o u t lO dB  fa d in g  m a rg in  on  th e  m o b ile  lin k  (T a b le  2 - 4 ) .
In  a d d itio n  to  slo w  fad in g , fa s t fad in g  re su lts  in  m o re  o r  less n o ticeab le  flu c tu a tio n s  o f  
th e  re c e iv e d  signal p o w e r. S u ch  flu c tu a tio n s  a re  harm fu l to  th e  e r ro r  p e rfo rm a n c e  o f  
th e  re c e iv e d  signal b e c a u se  o f  th e  n o n -lin ea r re la tio n  b e tw een  s ig n a l-to -n o ise  ra tio  an d  
e r ro r  p ro b ab ility . In  o u r  stu d y  o f  th e  signalling  p e rfo rm an ce  a t th e  sa te llite  air- 
in te rfa c e , th e  fa d in g  e ffe c t is  an  im p o rta n t fa c to r  th a t n eed s to  b e  ta k e n  in to  acco u n t.
2 .4 .2  S a te llite  C h a n n e l M o d e l
M an y  s tu d ie s , m o stly  b a sed  o n  th e  m o b ile  ra d io  channel m odels an d  th e  ex p erim en ta l 
s ta tis tic s , h a v e  lo o k e d  at sa te llite  ch an n el fad in g  effec ts . L o o  firs t p ro p o se d  a  s ta tis tica l
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m o d e l fo r  a  la n d  m o b ile  sa te llite  ch an n e l [ L 0 0 8 5 ] .  T h e  m o d e l a ssu m es th a t th e  line-o f- 
s ig h t (L O S ) c o m p o n e n t is sh a d o w e d  w ith  a  lo g n o rm al d is trib u tio n  an d  th e  m u ltip a th  
c o m p o n e n t is R ay le ig h  d is trib u ted . T h e  ex p ress io n s  fo r  level c ro ss in g  ra te  (L C R ) an d  
av e ra g e  fa d e  d u ra tio n  (A F D ) a re  d e riv e d  fro m  th e  ab o v e  a ssu m p tio n s.
R efs . [F A R 8 5 ] an d  [C A S 92] fo cu s  o n  sa te llite  channels im p a ired  by  th e  m u ltip a th  
fad in g  e ffec ts . T h e  re ce iv ed  m u ltip a th  signal co n sis tin g  o f  th e  L O S  c o m p o n e n t an d  a 
fad in g  c o m p o n e n t th a t is a ssu m e d  to  b e  R ic ian  d is trib u ted . T h e  fad e  m arg in  is 
d e te rm in e d  [F A R 85] as a  fu n c tio n  o f  signal to  no ise  ra tio  fo r  d iffe ren t b it  e r ro r  ra te s  
(B E R ) w h e n  th e  c o h e re n t d e te c tio n  o f  b inary  p h a se  sh ift key ing  (B P S K ) o r  q u a te rn a ry  
p h a se  sh ift k ey in g  (Q P S K ) signals is co n sid e red . T h e  o p tim u m  p a c k e t size  is re so lv ed  
in  [C A S 92] b y  app ly in g  an  an a ly tica l R ic ian  ch an n e l m odel.
A n o th e r  im p o rta n t co n tr ib u tio n  w as m ad e  by  L u tz  [L U T Z 9 1 ]. L u tz ’s m o d e l is b a sed  
o n  th e  ex p erim en ta l re su lts  u s in g  a  M A R E C S  sa te llite . T h e  m e a su re m e n t re su lts  w e re  
re c o rd e d  fo r  e lev a tio n  ang les b e tw e e n  13° to  4 3 °  u sin g  d iffe ren t m o b ile  an ten n as an d  
in  c ity  an d  h ig h w ay  en v iro n m en ts . A  channel m o d el d escrib ing  co m b in ed  R ic ian  fad ing  
an d  lo g n o rm a l sh ad o w in g  w as  d ev e lo p ed . T h e  sw itch ing  p ro c e ss  b e tw e e n  th e  g o o d  
an d  b a d  ch an n el s ta te s  w as ap p ro x im a te d  by  tw o -s ta te  M a rk o v  m odel. O u r  s tu d y  o n  
th e  signalling  p e rfo rm a n c e  a t sa te llite  a ir-in te rface  is m ainly  b a se d  o n  th e  u se  o f  L u tz ’s 
ch a n n e l m o d e l w h ich  w ill b e  in tro d u ced  in  th e  n e x t section .
2 .4 .3  L u t z ’s  S a te llite  C h a n n e l  M o d e l
2.4.3.1 F irst order probabilistic m odel
L u tz ’s m o d e l c an  acc o m m o d a te  b o th  u n o b s tru c te d  and  sh a d o w e d  s itu a tio n s . In  th e  
u n o b s tru c te d  c a se  w h e re  th e  m ob iles  h av e  a  d ire c t v iew  o f  sa te llites , th e  rece iv ed  
p o w e r  S o b ey s a  R ic ia n  d is trib u tio n
w h e re  C  is th e  d ire c t to  m u ltip a th  signal p o w e r  ra tio  (R ice  fa c to r)  an d  70(«) is th e  
m o d if ie d  B e sse l fu n c tio n  o f  o rd e r zero .
W h e n  th e  L O S  signal is sh ad o w ed , th e  m o d e l is m o re  com plex . N o  d ire c t c o m p o n e n t 
ex is ts  an d  th e  m u ltip a th  signal is a ssu m ed  to  b e  R ay le igh  d is tr ib u ted  w ith  a  sh o r t te rm  
m e a n  re c e iv e d  p o w e r S 0
T h e  m ean  re ce iv ed  p o w e r  S 0 is a  tim e-v ary in g  fa c to r  an d  is a ssu m e d  to  be 
c h a ra c te rise d  b y  a  lo g -n o rm a l d is trib u tio n
P m *  (S ) =  C < rc<s+,)/ 0(2 C V S ) (2 .1 2 )
f tw G S A > )  =  (1/So ) e * P ( -  S / S , ) (2 .1 3 )
(2 .1 4 )
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w h e re  p, is th e  m ean  p o w e r  level d ec re a se  in  dB  an d  o 2 is th e  v a rian ce  o f  th e  p o w e r  
level o w in g  to  sh ad o w in g . T h e re fo re  th e  p ro bab ility  density  o f  th e  re c e iv e d  p o w e r  
d u rin g  sh ad o w in g  is g iv en  b y
Psh (S) ~  j QpRayl (S/S0) ' Pln (S o )dS0 (2 .1 5 )
T h e  o v era ll d ensity  o f  th e  rece iv ed  signal is  a  co m b in a tio n  o f  th e  densities  o f  th e
sh a d o w e d  an d  u n sh a d o w e d  co m p o n e n ts , w e ig h te d  by  a  fa c to r  A  w h ich  is d efin ed  as 
th e  p e rc e n ta g e  o f  th e  o c c u rre n ce  o f  sh ad o w in g :
p ( S )  =  ( 1 -  A )p „ to (S )  +  A * £ ( s \ s 0) p w  (S 0) d S 0 (2 .1 6 )
T h e  m e a n  re d u c tio n  o f  re c e iv e d  p o w e r is c a lcu la ted  by
E ( S )  =  (1 -  A )( l  +  L  +  a * i o i”10(°A)V2+|i/10 (2 .1 7 )
F ro m  T a b le  2 - 2 ,  i t  c an  b e  o b se rv e d  th a t sh ad o w in g  is neg lig ib le  a t a  h ig h  e lev a tio n
an g le . T h u s  th e  p a c k e t e rro rs  w ill m a in ly  b e  d u e  to  th e  m u ltip a th  e ffec t.
2.4.3.2 The M arkov M odel
T h e  m o s t im p o rta n t p a ra m e te r  in  L u tz ’s m o d e l is th e  tim e  sharing  p a ra m e te r , A , w hich  
is re la te d  to  th e  fa d in g  and  in te rfa d in g  d u ra tio n  D g and  D b :
A  =
D u
D„ + D,
(2 .1 8 )
T h e  m e a n  va lu es  o f  D g an d  D b are  g iv en  in  [L U T Z 9 1 ] an d  w e  lis t th e m  alo n g  w ith  
o th e r  p a ra m e te rs , A , C , p  an d  o  in  T a b le  2 -2 . T h e  m easu rem en t re su lts  g iven  in 
[L U T Z 9 1 ] a re  lim ited  to  th e  lo w  e lev a tio n  ang les (M ax . 4 3 °). T h e  p ro p a g a tio n  
e x p e rim e n t c o n d u c te d  b y  U n iv e rs ity  o f  S u rre y  g iv es  th e  m e a su re m e n t re su lts  in  th e  
s u b u rb a n  a re a  a t th e  h ig h  e le v a tio n s  [P A R 93].
F ig u re  2 -1 2  M a rk o v  ch a n n e l m o d e l
T o  sim plify  th e  p ro b lem , th e  sw itch in g  p ro c e ss , ch a ra c te rise d  b y  th e  fa c to r  A , is 
a p p ro x im a te d  b y  a  tw o -s ta te  M a rk o v  m o d e l [L U T Z 9 1 ], as sh o w n  in  F ig u r e  2 - 1 2 .  T h e
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tra n s itio n  p ro b ab ility  p gb is  re la te d  to  th e  b it d u ra tio n  fo r a  g iven  sp eed  v an d  th e  b it 
ra te  R b (b /s)
D  ( b i t s )  =  — =  —  D  (m )  (2 .2 0 )
P s„ V
T h e  p ro b a b ility  th a t a  g o o d  ch a n n e l s ta te  la s ts  lo n g e r th an  n  b its  is
P , ( > ” ) =  P « = d - P ^ ) "  (2 -21)
T h e  p ro b ab ility  o f  a  p a c k e t s ta rtin g  in  th e  g o o d  s ta te  is ( 1 -A )  [C A S 9 2 ]. T h e re fo re , th e  
p ro b ab ility  o f  an  n -b it p a c k e t tra n sm itte d  in  a  g o o d  channel s ta te  is th e  p ro b ab ilitie s  o f
it  s ta r tin g  an d  rem ain in g  in  th e  g o o d  s ta te  fo r  th e  w h o le  d u ra tio n  o f  th e  p a c k e t
[C A S 9 2 ]
P „ ( n )  =  ( l - A ) - p g ( > n )  (2 .2 3 )
S o , f ro m  th e  co m b in a tio n  o f  E q u a tio n s  (2 -2 0 ) to  (2 .2 3 ), th e  p ro b ab ility  o f  an  n -b it 
p a c k e t w ith o u t e n c o u n te rin g  a  b a d  c h an n e l s ta te  is g iv en  b y
/  Y 1
/ > »  =  (! - A )
V  R b  ’ D g J
(2 .2 4 )
w h e re  v is th e  m o b ile  v e loc ity . F o r  n o n -G E O  sa te llite  sy stem s, h o w e v e r, b o th  th e  
sa te llite  a n d  m ob ile  ve lo c ities  sh o u ld  b e  ta k e n  in to  co n sid e ra tio n . In  th is c a se , in s tead  
o f  u s in g  th e  m o b ile  sp e e d  v, w e  u se  th e  m o v in g  sp eed  (re la tive  to  th e  m ob ile) o f  th e  
sh a d o w in g  fro n t (p o in t S as sh o w n  in  F ig u r e  2 - 1 3 ) ,  v sn, in  E q u a tio n  (2 .2 4 ).
v sh — v ± D g / t gs (2 .2 5 )
w h e re  tss is th e  tim e  n ee d e d  fo r  a  fixed  m ob ile  to  be  sh ad o w ed  b e c a u se  o f  sa te llite  
m o v em en t.
D „  D - ( S - S b ) / S b 
r , = S -  = - J - X Z  LL— L  (2 .2 6 )
v „„
A ssu m in g  th a t  th e  m ob ile  v e lo c ity  is 9 0 k m /h , th e  sh ad o w in g  sp eed s  fo r  IC O  10 and
L E 0 6 6  sa te llites a re  9 0 .2  k m /h  and  9 3 .7  k m /h  respec tive ly  if  th e  sa te llite s  m o v e  in  th e
sam e  d irec tio n  as th e  m ob iles. C learly , th e  sa te llite  m ov ing  sp eed  h as v e ry  little  e ffec t 
o n  th e  ch an n el s ta te  tran s itio n  p robab ility . In  p a rticu la r, th e  M E O  sa te llite  v e loc ity  can  
b e  ig n o re d  as fa r  as th e  c h an n e l s ta te  tran s itio n  p ro b ab ility  is co n cern ed .
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Figure 2-13 Satellite and mobile velocity related to the duration o f good channel state
Elevation
O
Environm ental
category
A lOlogC
(dB)
ft(dB) a
(dB)
D g (m) D b(m) E(S)
(dB)
13 city 0.89 3.9 -11.5 2 9 70 -6.48
24 city 0.66 6.0 -10.8 2.8 27 52 -3.07
34 city 0.58 6.0 -10.6 2.6 24 33 -2.32
43 city 0.54 5.5 -13.6 3.8 42 49 -2.05
60 suburban 0.224 13.23 -6.1 2.8 — — -0.55
70 suburban 0.03 14.68 -6.1 2.2 — — 0.05
80 suburban 0.007 17.7 -6.4 3.2 — _ _ 0.51
13 highway 0.24 10.2 -8.9 5.1 90 29 -0.48
24 highway 0.25 11.9 -7.1 6 188 62 -0.34
34 highway 0.008 11.7 i oo 00 3.8 1500 12 0.26
43 highway 0.002 14.8 -12.0 2.9 8300 17 0.13
Table 2-2 Fading channel statistics measured using C3 antenna [LUTZ911 ][PAR93]
2 .4 .4  B E R  o f  S ig n a ll in g  P a c k e t
2.4.4.1 C /N 0 Threshold
C o n s id e r in g  th e  c o h e re n t d e te c tio n  o f  rc/4 Q P S K  s ig n a ls , th e  b it  e rro r  ra te  (B E R ) is th e  
c o m p le m e n ta ry  e rro r  fu n c tio n  o f  th e  E u„f/N 0
1 The channel statistics measured at 13°-43° elevation angles are the average of measurements 
obtained under various cases.
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B E R  =  L e r f c f E f j N ,  (2 .2 7 )
F ig u r e  2 - 1 4  sh o w s th e  lin k  B E R  p lo t  v e rsu s  th e  link  C /N 0 th re sh o ld . T h e  c a rr ie r  b it 
ra te  is a ssu m e d  5 0 k b /s  and  th e  m o d e m  im p lem en ta tio n  loss is 1 .5dB . T o  ach iev e  a  
sa tis fac to ry  se rv ice  q u a lity  (B E R = 1 0 '3), th e  lin k  C/No th re sh o ld  is 5 5 .3 d B H z .
Link C/N0 (dBHz)
F ig u re  2 -1 4  B E R  vs. lin k  C /N o th re sh o ld
2 .4 .4 .2  B E R  E v a lu a t io n
In  o rd e r  to  c o n s id e r  th e  e ffe c t o f  m o b ile  ve lo c ity  and  p a c k e t len g th  o n  th e  tran s itio n  
p ro b ab ility  o f  channe l s ta te s , w e  sep ara te ly  e v a lu a te  th e  m ean  B E R s  fo r  th e  g o o d  and  
b a d  c h an n e l s ta te s  w ith  th e  p ro b ab ility  d ensity  fu n c tio n  pRician and  p sh g iven  p rev io u sly  
(E q u a tio n s  2 .1 2 , 2 ,13 ):
B E R S =  \~ B E R {S )  -pmeim (S ) d S  (2 .2 8 a )
B E R b =  [ [ S E R ( S )  •p„a,( S /S o ) P W ( S o M ^ 0 (2 .2 8 b )
W h e n  fa d in g  e ffe c t is co n s id e red , th e  E q u a tio n  (2 .2 7 ) b eco m es
B E R ( S )  =  L erf c j J % E j j N 0 (2 .2 9 )
T h e  B E R  (m o b ile  u p lin k ) can  b e  co n s id e re d  as a  fu n c tio n  o f  th e  m o b ile  tran sm ittin g
p o w e r  (P ) a n d  th e  s la n t ra n g e  (cl) f ro m  m o b ile s  to  th e  sa te llites
B E R (S , d )  =  L  erfcjS■ (2 .3 0 ) 
2
w h e re  Q ( P ,d )  is g iven  by
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p  t ,  o (Gw+G/rjr„+228.6)/10
w h e re  G m is th e  m o b ile  an te n n a  tran sm ittin g  gain  a ssu m ed  OdBi, G /T sat is  th e  f ig u re  o f  
m e rit o f  th e  sa te llite  a ssu m ed  5 .4 d B K  an d  R h is th e  channel b it  ra te  a ssu m ed  5 0 kb /s. 
F o r  sim plic ity , w e  assu m e  th a t th e  s lan t ra n g e  d  is an  u n ifo rm  d is trib u tio n . H en ce  
a c c o rd in g  to  E q u a tio n  (2 .2 8 a), th e  m e a n  B E R  is
B E R  =  J - j -  L n  t  B E R { S ’ d )  • ( S ) d S d d  (2 '3 "max min
(2 3 1 )
Mobile TX power (dBW) (ICO10, E<20 degree)
F ig u re  2 -1 5  C o m p a r iso n  o f  s im u la tio n  a n d  a n a ly t ic a l B E R  re s u lt
T h e  m ean  B E R  fro m  E q u a tio n  (2 .3 1 ) is p lo tte d  in  F ig u r e  2 - 1 5  (d ash  line), w h ich  is 
a b o u t 10 '2 w h e n  th e  fad in g  e ffe c t is p re se n t and  m ob iles’ e lev a tio n  an g le  is in  th e  
ra n g e  o f  10°-20° fo r  th e  m o b ile  tran sm ittin g  p o w e r  (p eak ) o f  3W . W e  h av e  a lso  
o b ta in e d  th e  B E R  (so lid  line  in F ig u r e  2 - 1 5 )  v ia  sim ula tion  a p p ro a c h . T h e  sim u la tion  
m o d e l is as sh o w n  in F ig u r e  2 - 1 6 .  T h e  co n n ec tiv ity  s ta tis tic s  an d  th e  fad ing  
a tte n u a tio n  (in  th e  fo rm  cu m u la tiv e  d is trib u tio n  file  (C D F )) a re  fe d  in to  a  B O N eS  
S a tc o m  m o d e l (U p /D o w n  c h an n e l m o d e l p rim itiv e ). T h e  o u tp u t C /N 0(S ) a n d  th e  fad ing  
v a lu e  p ro b ab ility  p ( S )  a re  u se d  in  th e  B E R  m o d e l w ith  E q u a tio n  (2 .3 2 ) to  ca lcu la te  th e  
m ean  B E R  w h ich  is o b ta in e d  by  av erag in g  o v e r  4 0  ind iv idual B E R  sam ples. F ig u r e  2 -  
1 5  sh o w s  th e  a g re e m e n t b e tw e e n  tw o  resu lts .
T h is  s im u la tio n  m o d e l can  b e  u se d  to  c o -o p e ra te  w ith  th e  p ro p a g a tio n  d a ta  f ro m  th e  
p ra c tic a l ex p erim en ts . A s h as  b e e n  in tro d u ced , on ly  tw o  fad in g  d a ta  files a re  req u ire d , 
C D F  an d  P D F . T h is  is le f t fo r  th e  fu tu re  w o rk . In  th is re sea rch , th e  C D F  an d  P D F  o f  
fa d in g  v a lu e s  u se d  is c a lc u la ted  fro m  E q u a tio n s  (2 .13 ) to  (2 .15).
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b e r  =  Y  p ( s , )
/=0
i . e r f c y j i o  { c / M ^ - \ o SRh-L5)/io
A S: (2 .3 2 )
Figure 2-16 BER simulation model
T h e  e le v a tio n  ang le  f ro m  u se rs  to  a  b e s t v isib le  sa te llite  in n o n -G E O  sa te llite  sy stem s 
ch a n g e s  co n tin u o u sly  o v e r  tim e . T h e  u s e rs ’ channe l co n d itio n  is, th e re fo re , a lso  tim e- 
v a ry in g . T o  ev a lu a te  th e  call se t-u p  signalling  p e rfo rm an ce  in  p ra c tic a l sa te llite  
sy s tem s, w e  h av e  s im u la ted  th e  B E R  p e rfo rm a n c e  a t d iffe ren t e lev a tio n  ang les fo r  tw o  
re p re se n ta tiv e  sa te llite  sy s tem s, IC O 1 0  an d  L E 0 6 6  ( F ig u r e s  2 - 1 7  to  2 - 2 0 ) .
F ig u r e  2 - 1 7  sh o w s th e  B E R  p e rfo rm a n c e  in  th e  b a d  channel s ta te  fo r  th e  L E O 66 
sa te llite  sy stem , th e  p ro p a g a tio n  p a ra m e te rs  o f  h igh  e lev a tio n  ang les in  su b u rb an  
en v iro n m e n t b e in g  u sed . I t  c an  b e  o b se rv e d  th a t th e  signalling  tran sm iss io n  in  th e  b a d  
c h an n e l s ta te  is a lm o st im p o ss ib le  ev en  th o u g h  th e  L E O 66 p ro v id es  a  h ig h  p ro p a g a tio n  
m arg in .
Mobile/Satellite TX power (W)
Figure 2-17 LEO66 mobile uplink/downlink BER (bad channel)
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Mobile/Satellite TX power (W)
Figure 2-18 LE066 mobile uplink/downlink BER (good channel)
T h e  B E R  p e rfo rm a n c e  in  th e  g o o d  channel s ta te  fo r  th e  L E 0 6 6  sa te llite  sy s tem  is 
p lo tte d  in F ig u r e  2 - 1 8 .  T h e  s igna l tran sm issio n  (B E R ) a t a  h igh  e lev a tio n  ang le  in  th e  
su b u rb a n  en v iro n m en t exh ib its  m u ch  b e tte r  p e rfo rm an ce . T h e  B E R  v a lu es  a re  in  th e  
ra n g e  o f  10‘2 to  IO '10 w h en  th e  e lev a tio n  ang le  is ch an g ed  fro m  10° to  80° w ith  0 .5 W  
tra n sm ittin g  p o w e r. B e c a u se  th e  sam e freq u en cy  b a n d  o n  th e  u p  an d  d o w n  links are  
u se d , th e  m o b ile  an d  sa te llite  tran sm ittin g  p o w e rs , as w ell as th e  B E R  p e rfo rm a n c e  fo r  
th e  u p  a n d  d o w n  links, w ill b e  iden tica l.
Mobile TX power (W)
Figure 2-19 ICO 10 mobile uplink BER (good channel) vs. mobile TX power
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City E=10°
City E=20°
City E=30°
City E=40° 
Suburban E=60° 
Suburban E=70D 
Suburban E=80°
Satellite TX power (W)
Figure 2 -2 0 ICOIO mobile downlink BER (good channel) vs. satellite TX power
F ig u r e  2 - 1 9  an d  2 - 2 0  d isp lay  th e  B E R  p e rfo rm an ce  fo r  u p  an d  d o w n  links in  th e  
IC O IO  sa te llite  sy stem . D u e  to  a  h ig h e r o rb it a ltitu d e  c o m p ared  to  th a t o f  th e  L E O  
sa te llite s , IC O IO  req u ire s  h ig h e r tran sm ittin g  p o w e rs  to  o b ta in  a  sa tis fac to ry  B E R  
p e rfo rm a n c e . T h e  B E R  v a lu es  (m obile  u p link ) a re  in  th e  ran g e  10 '2'2 an d  10"3 2 in  th e  
c ity  an d  su b u rb an  en v iro n m en t w h en  th e  m ob ile  tran sm ittin g  p e a k  p o w e r  is 3W . T h e  
o b v io u s  d iffe ren ces b e tw e e n  th e  B E R  p lo ts  a re  d u e  to  d iffe ren t su rro u n d in g s  and  
e le v a tio n  ang les. T h e  B E R  p e rfo rm an ce  fo r  th e  u p  an d  d o w n  links sh o w s sligh t 
d iffe ren ces  b e c a u se  o f  th e  u se  o f  d iffe ren t freq u en cy  bands.
In  o rd e r  to  in c rease  th e  p a c k e t su ccess  p ro b ab ility , p ack e ts  are  no rm ally  p ro te c te d  by 
fo rw a rd  e r ro r  c o rre c tio n  (F E C ) o r  a  cyclic  red u n d an cy  ch eck  (C R C ) c o d in g  schem e. 
W h e n  g o o d  ch an n e l s ta te  is p re sen t, it can  b e  assu m ed  th a t th e  b its  in  a  tra n sm itte d  
p a c k e t a re  u n c o rre la te d  b e cau se  th e  fa s t fad in g  is m u ch  s lo w e r th an  th e  p a c k e t 
d u ra tio n . U s in g  F E C , th e  p a c k e t e rro r  p ro b a b ility  P e is g iv en  by  [PR A 94]
(n  \
Pe =1-21-0: B E R 1 B E R )" '- ' (2 .3 3 )
V 1 )
w h e re  np is th e  p a c k e t len g th  an d  t is th e  n u m b er o f  e r ro r  b its  w h ich  can  b e  rec o v e red . 
A n  ex am p le  o f  p a c k e t su ccess  p ro bab ility  fo r  th e  ran d o m  access  p a c k e ts  u n d e r  th e  
m u ltip a th  fad in g  e ffec t in  th e  IC O IO  sa te llite  sy stem  is p lo tte d  as sh o w n  in  F ig u r e  2 -  
2 1 .  T h e  re le v a n t p a ram e te rs  are  g iv en  in  A p p en d ix  C l .
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Mobile TX power (W)
Figure 2- 21 The error probability o f random access packets - good channel state (ICOIO) 
2 .4 .5  S im u la tio n  o f  S ig n a ll in g  P E R
T h e  sim plified  sim u la tio n  flo w  c h a r t  is  as sh o w n  in F ig u r e  2 - 2 2 .  T h e  s im u la tion  
lib ra rie s , S A T C O M  an d  S A T L A B , p ro v id e d  w ith in  th e  B O N eS  n e tw o rk  sim u la tion  
p a c k a g e  h av e  b e e n  u se d  a lo n g  w ith  th e  im p lem en ta tio n  o f  L u tz ’s ch an n e l m o d e l in 
o rd e r  to  d e te rm in e  th e  p a c k e t su ccess  p ro b ab ility . F o r  th e  g iven  sa te llite  c o n ste lla tio n s  
an d  th e  m o b ile  in s tan tan eo u s  p o s itio n s , S A T L A B  o u tp u ts  sa te llite  c o n n ec tiv ity  re la ted  
d a ta  w h ich  inc ludes th e  e lev a tio n  ang le , th e  d is tan ce  b e tw een  th e  v isib le  sa te llite  an d  
th e  u se r , e tc . W h e n  m o re  th a n  o n e  sa te llite  is visib le, th e  o n e  w ith  th e  h ig h es t e lev a tio n  
an g le  is  se lec ted .
F o r  th e  p u rp o se  o f  ev a lu a tin g  th e  ca ll se t-u p  signalling  p e rfo rm an ce , a  tw o -s ta te  
M a rk o v  ch an n el m o d el w as  u se d  w ith  th e  o c c u ra n c e  p e rc e n ta g e  o f  sh ad o w in g  A  and  
tra n s itio n  p ro b ab ility  p gb. T h e  la tte r  is d e p e n d e n t o n  th e  signalling  p a c k e t len g th , th e  
m o v in g  sp e e d  o f  th e  sh ad o w in g  fro n t en d , th e  visibility o f  a  sa te llite , as w ell as th e  
ro a m in g  en v iro n m e n t o f  th e  m o b iles .
T h e  p ro b ab ility  th a t a  signalling  p a c k e t is tra n sm itte d  in th e  g o o d  ch an n e l s ta te  is 
d e te rm in e d  by  th e  u s e r ’s e lev a tio n  ang le  an d  fa c to rs  in c lu d ed  in  E q u a tio n  (2 .2 4 ). I f  a  
p a c k e t  e n c o u n te rs  a  sh ad o w in g  d u rin g  th e  tran sm issio n , it m o s t likely  th a t it  h as  to  b e  
re - tra n sm itte d  b e c a u se  th e  b it e r ro r  ra te  is u n accep tab le  ( F ig u r e  2 - 1 7 ) .  I f  a  p a c k e t is 
t ra n sm itte d  in  th e  g o o d  ch an n e l s ta te , th e  p a c k e t’s B E R  is e v a lu a te d  u s in g  th e  
s im u la tio n  m o d u le  g iven  in  A p p en d ix  C l .  T h e  p a c k e t e r ro r  ra te  (P E R = P e) u n d e r  th e  
g o o d  ch an n e l s ta te  is d e te rm in ed  b y  th e  B inom ia l d istrib u tio n  as g iven  in  E q u a tio n
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(2 .3 3 ). T h e  P E R  o f  d iffe ren t signalling  p a c k e ts , e .g . ra n d o m  access , p ag in g  and  
d e d ic a te d  c o n tro l p a c k e ts , a re  e v a lu a te d  la te r  in  th e  signalling  p e rfo rm a n c e  s im u la tion  
(C h a p te rs  3 , 4  an d  5).
x
(Packet successfully 'v received )
Figure 2-22 Generalised flow  chart in evaluation o f packet success probability
2.5 SATELLITE LINK BUDGET
In  th is  sec tio n , w e  p re se n t th e  fo rw a rd  an d  re tu rn  link  b u d g e ts  fo r  th e  signalling  
ch an n e l in  th e  IC O  10 an d  L E O 66 sa te llite  sy stem s in  T a b le  2 - 3  an d  2 -4  resp ec tiv e ly . 
T h e  sa te llite  R F  p o w e r req u irem en ts  fo r  th e  sig n a llin g  links a re  a lso  in c lu d ed .
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In  th e  IC O  10 sa te llite  sy stem , on ly  2 .5 d B  fad ing  m arg in  o n  th e  m o b ile  u p lin k  is 
ava ilab le  to  c o p e  w ith  th e  C/N o th re sh o ld  (5 5 .3 d B H z , w hich  c o rre sp o n d s  to  B E R = 1 0 3 
u s in g  Q P S K  m o d u la tio n  schem e). T h e  m o b ile  tran sm ittin g  p e a k  p o w e r  is 3 W  in  a  tim e 
s lo t (T S ). T h e  a v e rag e  p o w e r  o f  co n tin u o u s  w a v e  (C W ) is 0 .5 W , a ssu m in g  6 T S s  in  a 
T D M  A  fram e. T h e  sim u la tio n  re su lts  sh o w  th a t th e  m ean  B E R  is o n ly  10 '22 a t 10° 
e lev a tio n  ang le  w ith  3 W  tran sm ittin g  p o w e r  (p eak ). T h e  h ig h  fad e  m arg in  (7 d B ) is 
a llo w e d  in  th e  m o b ile  d o w n lin k  b y  increasin g  th e  sa te llite  tran sm ittin g  p o w e r  to  10W  
p e r  ca rrie r .
R e tu rn  lin k F o rw a rd  lin k
M obile to satellite ESC to satellite
Frequency (GHz) 2.01 Frequency (GHz) 5.2
M S elevation (degree) 10 ESC elevation (degree) 10
P m s  (W ) (peak power/TS) 3 ESC EIR P (dBW ) 55.8
G m s  (dBi) 0
Path loss (dB) -181.7 Path loss (dB) -189.9
Satellite G /T  (dBK) 6.47 Satellite G /T (dB/K) -18.3
Propagation m argin (dB) -2.5 Propagation m argin (dB) 3
C / N 0 up (dBHz) 55.64 U K  „ „  (dBHz) 73.2
Satellite to LES Satellite to MS
Frequency (GHz) 7 Frequency (GHz) 2.2
ESC  elevation (degree) 10 M S elevation (degree) 10
Satellite T X  G ain (dB) 9.41 Satellite TX  Gain (dB) 32
Satellite E IR P (dB W ) 0 Satellite EIRP (dBW ) 42
Path loss (dB) -192.5 Path loss (dB) -182.5
ESC  G /T  (dB/K) 30.7 M S G /T  (dB/K) -24.8
Propagation m argin (dB) -3 Propagation m argin (dB) -7
u k  *«. (dBIfe) 73.21 U K  (dBHz) 56.3
U K  (dBHz) 55.56 U K  , m l  (dBHz) 56.21
U K  (dBHz) 55.3 U K  , h m h M  (dBHz) 55.3
L ink m argin (dB) 0.26 Link margin (dB) 0.91
Satellite feeder link TX  
power
lW /carrier Satellite mobile link TX  
power
10W /carrier
Table 2-3 ICO 10 signalling links
In  th e  L E O 66 sa te llite  sy s tem  w h e re  th e  tra n sp a re n t tra n sp o n d e r  is a ssu m ed , lO dB  
fad in g  m arg in  is availab le  o n  th e  m o b ile  links b ecau se  o f  th e  lo w  o rb it  a ltitu d e . T h e  
m o b ile  a n d  sa te llite  tran sm ittin g  p o w e r  is 3 W  a n d  2 W  resp ec tiv e ly . H ig h  a tte n u a tio n  is 
c a u se d  b y  ra in  a t th e  fe e d e r  lin k  th a t u se s  a  f req u en cy  b a n d  o f  2 0 /3 0 G H z  [M A R 9 3 ].
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R e tu rn  lin k F o rw a rd  lin k
M obile to satellite ESC  to satellite
Frequency (GHz) 1.626 Frequency (GHz) 29.3
M S elevation (degree) 8 ESC elevation (degree) 10
P ms (W ) (peak power/TS) 3 ESC  EIR P (dBW ) 57.4
G ms (dBi) 0
Path loss (dB) -164.5 Path loss (dB) -186.1
Satellite G /T (dB K ) -2.6 Satellite G /T (dB/K) 3.5
Propagation m argin (dB) -10 Propagation margin (dB) -30
C / N 0 tip (dBHz) 56.27 C / N ° (dBHz)
73.4
Satellite to  ESC Satellite to MS
Frequency (GHz) 19.6 Frequency (GHz) 1.626
ESC elevation (degree) 10 M S elevation (degree) 8.2
Satellite Gain (dB) 27 Satellite Gain (dB) 24.4
Satellite E IR P (dB W ) 20 Satellite EIRP (dBW ) 27
Path loss (dB) -189.6 Path loss (dB) -164.5
ESC  G /T  (dB/K) 26.9 M S G /T  (dB/K) -24.8
Propagation m argin (dB) -15 Propagation margin (dB) -10
dom, (dBHz) 70.9 C / N ° (dBHz) 56.7
C / N o (dBHz) 56.12 C / N ° (dBHz) 56.6
C / N o ,k r M d  (dBHz) 55.3 C / K  ,M(dBHz) 55.3
L ink  m argin (dB) 0.82 Link margin (dB) 1.3
Satellite feeder link TX  
pow er
0 .2W /cam er Satellite m obile link TX  
power
2W /carrier
T a b le  2 -4  L E O 66 s ig n a llin g  lin ks
2.6 SUMMARY
In  th is  ch ap te r , th e  d e s ig n  tech n iq u es  fo r  n o n -G E O  sate llite  co n ste lla tio n s: th e  s tre e t o f  
c o v e ra g e  an d  th e  ro se tte  p a tte rn , w as p re sen ted . T h e  s tre e t c o v e ra g e  te ch n iq u e  is 
su itab le  fo r  th e  p o la r  o rb it co n ste lla tio n  ty p es. O p tim isa tio n  can  b e  o b ta in e d  by 
p ro p e rly  p h a se d  in te r-o rb it sa te llites. T h e  ro se tte  p a tte rn  is su itab le  fo r  th e  inclined  
c irc u la r  o rb it co n ste lla tio n  ty p es  th a t can  p ro v id e  g o o d  visibility  to  a rea s  o f  lo w  an d  
m e d iu m  la titu d e  w h e re  m o s t p o p u la tio n s  resid e . A n o th e r a d v a n ta g e  o f  th e  ro se tte  
c o n s te lla tio n  is th a t fe w e r sa te llites  a re  re q u ire d  to  p ro v id e  g lo b a l c o v e ra g e  as 
c o m p a re d  to  th e  p o la r  co n ste lla tio n .
T h e  tw o  sa te llite  sy stem s, th e  L E 0 6 6  w ith  p o la r  o rb it and  th e  IC O IO  w ith  inclined  
c irc u la r  o rb it, an d  th e ir  c o v e ra g e  s ta tis tic s  a lo n g  w ith  o th e r  im p o rta n t a ttr ib u te s  hav e  
b een  an a lysed . F o r  th e  IC O IO , n o t  on ly  is th e  h igh  e lev a tio n  ang le  to  th e  b e s t visible 
sa te llite  o b se rv e d  a t th e  lo w  la titu d e  a rea , b u t  a lso  th e  m o d e ra te  e lev a tio n  an g le  to  th e  
s e c o n d  b e s t v isib le  sa te llite  is o b se rv ed . F o r  th e  L E O 66, d iversity  sa te llites o r  m ultip le  
sa te llite  v is ib ilitie s  a re  o n ly  o b se rv ed  a t th e  h ig h  la titu d e  area.
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T h e  g e o m e try  o f  a  m u lti-b eam  sa te llite  w as  in v estig a ted  to  d e te rm in e  th e  S B  p ass  
d u ra tio n , th e  sa te llite  a n ten n a  size , th e  e lev a tio n  ang le  fo r  d iffe ren t tie rs , th e  p a th  delay  
d iffe ren ce  a n d  th e  p ro p a g a tio n  lo ss  d iffe ren ce  in  a  SB . T h e se  sa te llite  re la te d  
p a ra m e te rs  a re  re q u ire d  in  th e  la te r  w o rk , th e  s ig n a llin g  p e rfo rm an ce  ev a lu a tio n .
A n o th e r  im p o rta n t issu e  a d d re sse d  in  th is c h a p te r  is th e  sa te llite  ch an n e l m o d e l. L u tz ’s 
p ro b ab ilis tic  ch an n el m o d e l an d  th e  tw o -s ta te  M a rk o v  m o d el a lo n g  w ith  th e  sa te llite  
co n n ec tiv ity  s ta tis tic s , w h ich  a re  tim e-v ary in g  p a ra m e te rs , w ill b e  u se d  to  d e riv e  th e  
p a c k e t su ccess  p robab ility . T h is  p ro v id es  a  m ean s fo r  th e  la te r  w o rk  (C h ap te rs  3 ,4 ,5 ) 
to  e v a lu a te  an d  im p ro v e  th e  signalling  p e rfo rm a n c e  a t th e  sa te llite  a ir-in te rface . F inally , 
th e  lin k  b u d g e ts  fo r  th e  s ig n a llin g  lin k s in  th e  IC O  10 and  L E O 66 sa te llite  co n s te lla tio n s  
in  th e  w o rs t c ase , i.e . a t th e  e d g e  o f  th e  sa te llite  co v e ra g e  a rea , w e re  p re se n te d . T h e  
sa te llite  R F  p o w e r co n su m p tio n  fo r  th e  sa te llite  s ig n a llin g  ch an n e ls  w as a lso  ev a lu a ted .
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C h a p t e r  3  
S i g n a l l i n g  C h a n n e l  a t  S a t e l l i t e  A i r - i n t e r f a c e
A network architecture is proposed fo r  the S-PCNs which exploits 
advantages o f both the satellite and the terrestrial mobile systems.
Problems related to the reuse o f the GSM lower layer protocols on S- 
PCN air-inteiface are examined. The satellite specific physical layer 
configuration are defined fo r  two satellite systems, LEO66 and ICO 10. A 
novel priority-based Slotted-ALOHA random access scheme is proposed  
fo r  the satellite RACH in order to counteract the channel fading effect.
This measure is aimed to reduce the call set-up delay, leading to better 
seivice quality.
3.1 SATELLITE NETWORK ARCHITECTURE
3 .1 .1  B a c k g r o u n d
T h e  n e tw o rk  a rch itec tu re  o f  th e  firs t g en e ra tio n  o f  sa te llite  m ob ile  sy stem s is d ifferen t 
fro m  th a t ad o p ted  b y  th e  c e llu la r  sy stem s. F o r  ex am p le , 3 -4  G E O  sa te llite s  can  p ro v id e  
th e  la rg e  lan d scap e  co v e ra g e  and  th e  sa te llite  channel re so u rces  a re  m a n ag ed  by  the  
a p p o in te d  e a r th  s ta tio n  (E S ), generally  re fe rred  to  as the  n e tw o rk  c o n tro l s ta tio n  
(N C S ) in  th e  In m a rsa t sy stem . B esid es  th e  N S C , th e re  are  a  n u m b er o f  E S s  d is trib u ted  
in side  th e  sa te llite  co v e ra g e  in o rd e r  to  p ro v id e  th e  in te rface  b e tw e e n  th e  sa te llite  
n e tw o rk  an d  p u b lic  te leco m m u n ica tio n  n e tw o rk s . D u e  to  th e  d is tr ib u te d  E S s , a  
sh o rte s t te rre s tr ia l p a th  c an  b e  rea lized .
B e c a u se  o f  th e  lim ita tio n  o f  sa te llite  re so u rc e , th e  channels a re  a llo ca ted  a cco rd in g  to  
in s tan tan eo u s  d em an d s and , a re  re lea sed  and  g iven  b ack  to  th e  N C S  w h en  th e  calls a re  
fin ished . In  so m e  sy stem s, e .g ., th e  In m a rsa t sy stem , a  p a ir  o f  s ignalling  channels a re  
a llo c a te d  to  e a c h  E S . In  o th e rs , su ch  as th e  A m e ric a n  M o b ile  S a te llite  S y s tem  (A M S C ) 
[W H I9 2 b ], n o  f ix e d  ch an n e ls  are  a llo ca ted  to  E S s.
In  ce llu la r m o b ile  sy stem s th e  b asic  c o v e ra g e  u n it is a  cell w h ich  is lim ited  in  co v e ra g e  
by  ra d io  w av e  a tten u a tio n . A  b a se  s ta tio n  (B S ) resid es  in each  cell an d  is sem i­
p e rm an en tly  a llo ca ted  a  se t o f  traffic  an d  signalling  channels. A  n u m b e r o f  B S s  are  
c o n n e c te d  to  a  M o b ile  se rv ice  S w itch in g  C e n tre  (M S C ) w hich  is a  k ey  p o in t to  access 
d a ta  b a se s , p e rfo rm  th e  m obility  m an ag em en t fu n c tio n , co n n e c t to  o th e r  p a r ts  o f  th e  
n e tw o rk , and  to  in te r-w o rk  w ith  o th e r  p u b lic  n e tw o rk s  (IS D N , P S T N  and  o th e r  
P L M N s).
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3 .1 .2  N e tw o r k  A rc h ite c tu re
T h e  rap id  ex p an sio n  o f  P C N s w ill even tually  a llow  flexible, w ire less , p e rso n -to -p e rso n  
co m m u n ica tio n s  on  a w o rld w id e  basis . P C N s m ig h t evo lve  as h y b rid  n e tw o rk s  th a t 
co m b in e  th e  re so u rc e s  o f  severa l co m m u n ica tio n  m edia. T h e  new  S -P C N s are  
ex p e c te d  to  re u se  th e  te rre s tria l ce llu la r tech n o lo g ies  as m u ch  as p o ss ib le  to  p ro fitab ly  
in te g ra te  w ith  th e  ce llu la r n e tw o rk s . T h e  h an d -h e ld  term inals  th a t a re  th e  essen tia l 
e lem en ts  o f  fu tu re  P C N s w ill b e  c h a ra c te riz e d  by  lo w  co s t, lo n g  b a tte ry  life, m o d e s t 
an te n n a  gain  an d  lo w  p o w e r tran sm itte rs . F o r  S -P C N s, d iffe ren t d esig n  c o n c e p ts  a re  
n e e d e d  d u e  to  th e  p o w e r c o n s tra in t (o f  h an d -h e ld  term inals) especially  if  th e  sy s tem  is 
d e s ig n ed  b a se d  on  G E O  system s. N o n -G E O  sate llite  system s h av e  ad v an tag es  since 
th ey  can  m o re  easily  p ro v id e  th e  link  p o w e r  n eed ed  to  o p e ra te  w ith  th e  h an d h e ld  
te rm ina ls.
C o m p a re d  w ith  te rre s tr ia l ce llu la r sy stem s, th e  p o w e r  c o n s tra in t in  a  G E O  system s, 
rem a in s  a  p ro b le m  ev en  in  the  n o n -G E O  sa te llite  sy stem s. T o  so lv e  th is  p ro b le m  an d  to  
reu se  th e  freq u en cy  re so u rce  on  th e  m o b ile  lin k , th e  n ex t g en era tio n  o f  sa te llite  sy stem s 
w ill a d o p t th e  u m b re lla  s tru c tu re d  m u ltip le  sp o t beam s (S B ). T h e  SB  c o v e ra g e  can  be 
th o u g h t o f  as th e  c o u n te rp a r t o f  th e  cells in th e  ce llu la r m obile  sy stem s. A  g lobal b eam  
is still u se d  fo r  th e  fe e d e r links to  th e  E S s. T h is sate llite  co n fig u ra tio n  ex ten d s th e  
c o v e ra g e  a re a  o f  an  E S  an d  reso lv es  to  so m e  e x te n t th e  p o w e r lim ita tio n  p ro b lem  on  
the  m o b ile  links.
A  sa te llite  p ro v id es  channe l re so u rc e s  an d  h as  a  sim ilar ro le  to  th e  B S  o f  th e  cellu lar 
G S M  system . H o w e v e r, to  sim plify th e  sa te llite  p ay lo ad , th e  re so u rc e  m an ag em en t 
fu n c tio n  is m o v ed  to  th e  g ro u n d  - e a rth  sta tio n s (E S ). D u e  to  th e  sa te llite  m o v em en t, 
th e  v isib ility  fro m  E S s to  a  n o n -G E O  sa te llite  a re  co n stan tly  chang ing . T h eo re tica lly , a  
m o b ile  can  access  any E S  if  it is in th e  in s tan tan eo u s  co v e rag e  o f  th e  sam e  sate llite . 
H o w e v e r , d u e  to  sa te llite  m o v em en t an d  freq u en cy  reu se , fixed  a llo ca tio n  o f  a  se t o f  
c a rr ie rs  to  each  E S  as signalling  an d  traffic  channels m ay c a u se  e ith e r sev ere  
in te rfe ren ce  o r  p o o r  u tiliza tio n  o f  sp e c tru m  re so u rces . C o o rd in a tio n  b e tw e e n  E S s  is 
th u s  necessary . T o  so lv e  th is p ro b lem , a  s ta n d a rd  sa te llite  n e tw o rk  s tru c tu re  is 
co n sid e red . T h e  sa te llite  re so u rc e  m an ag em en t is p e rfo rm ed  b y  a  d e s ig n a te d  E S , 
k n o w n  as th e  e a rth  s ta tio n  c o n tro lle r  (E S C ). D u e  to  th e  c o n s ta n t m o v em en ts  o f  n o n - 
G E O  sa te llites, an  E S C  is, in  a  g iven  p e rio d  o f  tim e, re sp o n sib le  fo r  th e  re so u rc e  
m an ag em en t fu n c tio n s. T h e  re so u rc e  co n tro l fu n c tio n  fo r  a  g iven  sa te llite  is a lw ays 
h a n d e d -o v e r  b e tw e e n  d e s ig n a ted  E S C s fo llo w in g  th e  m o v em en t o f  th e  sa te llite  a long  
its o rb it.
T h e  p ro p o se d  n e tw o rk  a rch itec tu re  fo r  a  n o n -G E O  sate llite  sy stem  is d e p ic te d  in 
F ig u r e  3 -1 .  T h e  p rincipal fu n c tio n s p e rfo rm e d  by  the  key  n e tw o rk  e lem en ts  are  
su m m arized  as fo llow s.
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T h e  fu n c tio n a lity  o f  an  E S  su p p o rts  a  d ed ica ted  re so u rc e  fu n c tio n , te rre s tria l 
c o n n e c tio n  fu n c tio n , c o d in g  and  m o d u la tio n , sy n ch ro n iza tio n  an d  ra d io  su b -sy stem  
co n tro l, e tc . T h e  E S C , o n  th e  o th e r  h an d , has full co n tro l o f  all th e  signalling  and  
tra ffic  channe ls  o f  th e  sa te llite (s) u n d e r  its  co n tro l. T h is co n tro l ta sk  is to  m an ag e  the  
re so u rc e  co n fig u ra tio n  w ith in  th e  w h o le  sa te llite  co v e rag e  and  to  p e rfo rm  th e  channel 
a llo ca tio n  in  each  cell. T h e  co m m o n  signalling  fu n c tio n  is only p e rfo rm e d  by  an  E S C . 
T h e  E S s  a re  a llo w ed  to  access  traffic  channels (T C H ) and  d e d ic a te d  c o n tro l channels 
(D C C H ) only  w h en  th ey  rece iv e  th e  co m m an d  fro m  th e  E S C . A n  E S  is se le c te d  to  ac t 
as a  re lay  n o d e  if:
•  it  h as  th e  sh o rte s t te rre s tr ia l ta il to  th e  c a lled  p a rty  fo r  a  m o b ile  o rig in a te d  call;
•  it  is th e  u s e r ’s p re fe ren ce , o r
•  th e  sa te llite  d iversity  fe a tu re  is u se d  to  p ro v id e  a  b e tte r  se rv ice  q u a lity , o n e  o r  tw o  
a p p ro p ria te  E S s are  ch o sen  to  e s tab lish  th e  co n n ec tio n  to  th e  c o n c e rn e d  m o b ile .
Figure 3-1 A network architecture o f S-PCNs
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T h e  sa te llite  m ob ile  se rv ice  c e n te r  (S M S C ), w h ich  has a  sim ilar ro le  to  a M S C  in  a  
G S M  n e tw o rk , ac ts  m a in ly  as a  m obility  m an ag em en t en tity . I t  c o o rd in a te s  th e  sa te llite  
re so u rc e  m an ag em en t w h en  a  c o n tro lle d  sa te llite  is h an d ed  o v e r b e tw e e n  tw o  E S C s. I t  
is a lso  in v o lv ed  in  th e  ca ll hand lin g  p ro c e ss  by  p e rfo rm in g  th e  ca ll ro u tin g  inside  th e  
land -line  n e tw o rk s  d u rin g  th e  life tim e  o f  a  call. S in ce  each  S M S C  is a s so c ia te d  w ith  a 
g e o g ra p h ic  a rea , defined  as a  lo ca tio n  a re a  (L A ), a  sate llite  v is ito r lo ca tio n  re g is te r  (S - 
V L R ) is a lw ay s co -lo c a te d  w ith  a  S M S C .
3.2 SIGNALLING CHANNELS AT THE SATELLITE AIR- 
INTERFACE
T h e  signalling  sy stem  in  S -P C N s sh o u ld  h av e  su ffic ien t capability  to  su p p o r t basic  and  
en h a n c e d  serv ices. F o r  a  sp ec ified  quality  o f  se rv ice  (Q O S ), th e  signalling  lo a d  o n  th e  
sa te llite  a ir-in te rface  an d  in  th e  p u b lic  n e tw o rk  has to  b e  d es ig n ed  to  b e  m in im um . T h is 
is o n e  o f  th e  m a jo r ob jec tiv es  in  th is  s tu d y , to  im p ro v e  th e  signalling  p e rfo rm a n c e  and  
m in im ize  th e  sp ec tru m  req u irem en t.
3 .2 .1  L o s ic a l  C o n tro l C h a n n e ls
T h e  c lassifica tio n  o f  lo g ica l co n tro l channels a t th e  sate llite  a ir-in te rface  is sh o w n  in 
F ig u r e  3 - 2 .  T h e  c o m m o n  co n tro l channels (C C C H ) are  p o in t- to -m u ltip o in t channels , 
w h ils t th e  u se r  sp ec ific  ch an n e ls  (U S C H ) are  th e  p o in t-to -p o in t ch an n e ls .
Satellite Logical Control Channel
Figure 3-2 Classification o f satellite control channels
T h e  b ro a d c a s t co n tro l c h an n e l (B C C H ) is u n id irec tio n a l fro m  a  E S C  to  th e  M S s  w ith in  
a  S B  co v e rag e . T h e  sy s tem  in fo rm atio n  sen t v ia  th e  B C C H  in c ludes th e  id en tities  o f  
L A /sa te llite /S B , th e  c o n fig u ra tio n  o f  C C C H  an d  th e  access re la ted  p a ram e te rs .
T h e  ra n d o m  access  channe l (R A C H ) is a  un id irec tio n a l channel o n  th e  re tu rn  link , th e  
re s t  o f  th e  C C C H s a re  o n  th e  fo rw a rd  link . T h e  freq u en cy  c o rre c tio n  channel (F C C H )
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and  th e  sy n ch ro n iza tio n  channe l (S C H ) are  u sed  fo r m ob iles to  acq u ire  th e  
sy n ch ro n iza tio n  in b o th  freq u en cy  and  tim e  dom ain . T h e  p ag in g  ch an n e l (P G C H ) is 
u se d  to  b ro a d c a s t th e  call an n o u n cem en t. In  o rd e r  to  sav e  th e  m ob ile  b a tte ry  p o w e r, 
p a g in g  su b -g ro u p s  a re  fo rm ed . M o b iles  only listen  to  th e  P G C H  w h ich  is a ss ig n ed  to  
th e ir  p a g in g  g ro u p . T h e  re sp o n se  to  th e  ra n d o m  access (R A ) signalling , re fe rred  to  as 
th e  im m ed ia te  a ssig n m en t, is se n t v ia  th e  access  g ra n t channel (A G C H ). T o  re d u c e  th e  
call se t-u p  delay , a  n u m b er o f  channels  can  be  re se rv e d  fo r  th e  A G C H . H o w e v e r, th e  
P G C H  m essag es  hav e  h ig h er p rio rity  th an  th e  A G C H  m essages fo r  th e  u n re se rv e d  
ch anne ls . T h u s , th e  im m ed ia te  ass ig n m en t signalling  m ay  be  c o n v ey ed  by th e  P G C H  if 
th e re  is no  sch ed u led  p ag in g  signalling . T h e re fo re  a  m obile  has to  m o n ito r  b o th  th e  
A G C H  an d  P G C H  afte r  sen d in g  a  R A  p a c k e t. T h e  R A C H  a llow s th e  m obiles to  
tra n sm it th e ir  access re q u e s ts  to  th e  n e tw o rk  in an  u n c o o rd in a te d  m an n er, th e re fo re  
co llis io n s m ay  o ccu r. T h e  R A C H  p e rfo rm a n c e  is critical in a ssessin g  th e  sy stem  
p e rfo rm an ce . T h e  s tu d y  on  th e  R A C H  p e rfo rm an ce  will b e  a d d re sse d  la te r  in  this 
ch a p te r .
T h e  u se r  specific  signalling  channel (U S C H ) inc ludes d e d ic a te d  c o n tro l channel 
(D C C H ) an d  a sso c ia ted  co n tro l channel (A C C H ). D C C H  con v ey s th e  ca ll se t-u p  an d  
call re le a se  in fo rm atio n . It is a lso  a llo ca ted  fo r  the  m o b ility  re la ted  signalling  ex ch an g es 
b e tw e e n  m ob iles an d  E S C s. T h e  call a sso c ia ted  in fo rm ation  is tra n sm itte d  v ia  the  
A C C H . T h e  s lo w  a sso c ia ted  co n tro l channe l (S A C C H ) w ith  very  lo w  b it ra te  is u se d  
m ain ly  to  co n v ey  th e  channe l m easu rem en t d a ta . T h e  fa s t a sso c ia ted  c o n tro l channel 
(F A C C H ) m ak es u se  o f  tra ffic  channe ls  if  th e re  are  dem ands fo r  tran sm ittin g  call 
a s so c ia te d  signalling , su ch  as m essag es  to  co m m an d  a h an d o v er, to  a u th e n tic a te  a  
su b sc rib e r, o r to  m o d ify  th e  ch an n e l m o d e  fo r d iffe ren t se rv ice  req u irem en ts , etc .
3 .2 .2  M a p p in g  o f  L o g ic a l C o n tro l C h a n n e ls
3 .2 .2 .1  B a s i c  A s s u m p t i o n s
T o  b en e fit b o th  th e  u se rs  and  th e  n e tw o rk  o p e ra to r , th e  m o d ifica tio n s to  th e  G S M  
ra d io  signalling  channel fo r  th e  in teg ra tio n  o f  th e  sate llite  se rv ices  n e e d  to  be 
m in im ized . H o w ev e r, b ecau se  o f  th e  la rg e  free  sp ace  loss, th e  tran sm iss io n  b it ra te  o f  a  
c a r r ie r  a t th e  sa te llite  a ir-in te rface  has to  b e  re d u c e d  in o rd e r  to  m ain ta in  th e  req u ire d  
C/No. F u rth e rm o re , th e  G S M  s ig n a llin g  ch a n n e l s tru c tu re  can n o t be  u se d  in  th e  sa te llite  
sy stem  d u e  to  th e  lo n g  p ro p a g a tio n  delay  and  th e  la rg e  p a th  delay  d iffe rence. I t  is 
n o tic e d  tha t;
a) a  G S M  tim e  s lo t (1 5 /2 6 m s lon g  an d  2 0 0 k H z  w ide  in th e  tim e /freq u en cy  dom ain ) 
c a n n o t ac c o m m o d a te  th e  delay  d iffe ren ce  in  a  sa te llite  SB  co v e ra g e . T o  efficiently  
u tilize  th e  ex p en siv e  sa te llite  sp e c tru m  re so u rc e , th e  sa te llite  R A C H  w ill n o t  u se  th e
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G S M  p h ysica l lay er ( L l )  design . O th e rw ise  a  R A C H  has to  o ccu p y  a  w h o le  T D M  A  
carrie r;
b) th e  g u a rd  tim e  p ro v id e d  in th e  G S M  T C H  and  D C C H  signalling  channe l (only  
2 9 jis )  is n o t su ffic ien t to  a c c o m m o d a te  th e  m is-a lignm en t o f  a  p a c k e t. T h e  G S M  
tim ing  ad v an ce  m essag e  co n v ey ed  by  th e  S A C C H  p a c k e t is tra n sm itte d  tw ice  p e r  
seco n d . F ailing  to  rece iv e  a  S A C C H  p a c k e t w ill cau se  th e  o v e rlap p in g  o f  the  
p a c k e ts  w ith  th e  ad jacen t T S s  d u e  to  sa te llite  m o v em en t. T h e re fo re , th e  S A C C H  
p e rfo rm a n c e  is c ritica l to  th e  tran sm issio n  pe rfo rm an ce . T h e re  a re  tw o  m e th o d s  to  
a v o id  p a c k e t overlap p in g : a) to  in c rease  th e  g u a rd  p e rio d  (G P ) a llo ca ted  in  each  T S  
and  b ) to  in crease  th e  S A C C H  cap ac ity  a llocation . T h e  la tte r  is n o t d esirab le  
b e c a u se  little  p e rfo rm an ce  im p ro v em en t can  be m ad e  w ith  su b s tan tia l in c rease  o f 
th e  signalling . In c reas in g  th e  G P  in a  T S  m eans th a t the  G S M  ch an n e l s tru c tu re  
c a n n o t b e  re u se d  in  S -P C N s.
T o  so lv e  th e  ab o v e  p ro b lem s, w e  define a  n ew  T D M A  channel s tru c tu re  specially  
d e s ig n e d  fo r  S -P C N s. T h e  c a rr ie r  cap ac ity  (a ssu m ed  50 k b /s  fo r  b o th  IC O  10 and  
L E O 66 sa te llite  sy stem s) is fa r  less th an  th a t o f  th e  G S M  system  (271 k b /s). T h e  basic  
u n it, tim e  s lo t (T S ), in  th e  sa te llite  T D M A  sy stem  is assu m ed  to  b e  6 .6 7 m s lo n g . A  
T D M A  fram e  includes 6 T S s . T h is assu m p tio n  is d e riv ed  fro m  a  4 0 m s sp eech  b lo ck  
u s in g  4 .8 k b /s  sp eech  c o d in g  ra te  an d  2/3 channel co d in g  ra te . T h is  g ives 270p.s fo r  the  
g u a rd  tim e  w h ich  is su ffic ien t to  to le ra te  a  m ax im um  o f  16 su ccessiv e  e r ro r  S A C C H  
p a c k e ts . T h e  co m m o n  and  d ed ica ted  signalling  channels a d o p t th e  sam e T S  an d  fram e 
s tru c tu re  as th e  T C H s.
S in ce  b o th  IC O  10 and  L E O 66 sa te llite  sy stem  a d o p t th e  T D M A  sch em e  as G S M  
sy stem , only  th e  T D M A  assu m p tio n  has b een  co n sid e red  in  th is  thesis . O th e r 
p o ssib ilities  su ch  as C D M A  schem e, ev en  th o u g h  th e  physical lay e r s tru c tu re  o f  
signalling  channe ls is d iffe ren t fro m  th a t o f  G S M  system , th e  m o d ified  G S M  h igher 
la y e r  s ig n a llin g  p ro to co ls  can  b e  u se d  in th e  S -P C N s.
3 .2 .2 .2  S ig n a l l in g  C h a n n e l  S ti'u c tu re
C o n sid e rin g  th e  ab o v e  assu m p tio n s reg a rd in g  th e  T D M A  channel s tru c tu re  an d  th e  
c h a rac te ris tic s  o f  th e  sa te llite  co n ste lla tio n s , th e  co m b in a tio n  o f  tw o  ty p es  o f  signalling  
ch an n e ls , C C C H  an d  D C C H , is g iven  in  F ig u r e  3 -3 .  A  48 0 m s and  a  3 2 0 m s m u lti-fram e  
s tru c tu re  (signalling  re p e titio n  d u ra tio n ) are  assu m ed  fo r  th e  signalling  chan n els  o f  
IC O  10 an d  L E O 66 sy stem s resp ec tiv e ly , co n sid e rin g  th e  signalling  re sp o n se  delay  a t 
th e  E S C s  an d  th e  M S s (1 4 8 m s/5 1 m s a re  spec ified  fo r  B S /M S  p ro cess in g  tim e  in th e  
G S M  sy stem ), th e  sp ace  p ro p a g a tio n  delay , and  th e  p a c k e t tran sm iss io n  delay . T h e  
signalling  tran sm issio n  tim e  d iv ision  in a  m u lti-fram e d u ra tio n  is d e p ic te d  in F ig u r e  3 -
4 .
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Multiframe: 12 TDMA frameq 480ms
PA RA FA FA RA FA FA
V
(dcchi tx) sjgna|jng COntroi channel
[ dc^ hi rx]
-----------> Downlink signaling control channel
F: F C C H , S :S C H , B :B C C H , P :P G C H , A :A G C H , R A : R A C H  
Figure 3-3 The satellite signalling channel structure (ICOIO)
Figure 3-4 The signalling transmission time sequence (ICOIO)
S in ce  th e  m essag es tra n sm itte d  a t th e  sa te llite  a ir-in te rface  are  c o n fin ed  to  a T S , long  
m essag es  m u s t b e  seg m en ted  in to  m essag e  un its  to  b e  de liv ered  to  th e  physica l layer 
(L I ) .  T o  av o id  c o n g e s tio n  a t th e  L I ,  only  a lim ited  n u m b er o f  m essag e  u n its  (fram e 
b lo ck s) fro m  th e  d a ta  link  lay e r can  b e  h an d ed  o v e r to  L I  in a  fix ed  tim e  in terval 
(b lo ck  re c u rre n ce  tim e). T h e  fram e  b lo c k  leng ths and  th e  re cu rren ce  tim e  fo r  d iffe ren t 
lo g ica l co n tro l ch an n e ls  in  the  IC O IO  and  L E O 66 sy stem s are lis ted  in  T a b le  3 .1 .
T h e  re c u rre n ce  tim e  o f  a  R A  p a c k e t d ep en d s  on  th e  co llision  tim er (T c) a n d  th e  ran d o m  
b a c k -o ff  re -tran sm iss io n  p a ra m e te r  (n r) .  N o rm ally , a  M S , fo llo w in g  a  tim er d ro p  o u t, 
in itia tes th e  re -tran sm iss io n  a fte r w a itin g  fo r  a  random ly  se lec ted  b a c k -o ff  p e rio d . T h e  
co llis io n  tim er ( T c), as sh o w n  in F ig u r e  3 - 4 ,  is 4 0 0 m s (10  fram es) an d  2 4 0 m s (6 
fram es) fo r  IC O IO  an d  L E O 66 R A C H s respec tive ly . T h e  D C C H  re c u rre n ce  tim e  can
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be  b e tw e e n  1 to  12 fram es, d ep en d in g  on  th e  w in d o w  size sp ec ified  fo r  th e  D C C H . 
T h e  n o rm al L I  signalling  p a c k e ts  (B C C H , A G C H , P G C H  an d  D C C H ) in c lu d e  18- 
o c te ts  in fo rm a tio n  th a t  is p ro te c te d  by  1/2 ra te  channel co d in g  an d  is a p p e n d e d  w ith  a  
3 2 -b it h e a d e r  as sh o w n  in  F ig u r e  3 - 5 .  A  R A  p a c k e t has a  special fo rm a t w h ich  w ill b e  
in tro d u c e d  in  th e  n ex t sec tio n .
Tail 
3 bits
Information 
144 bits
Training 
sequence 
26 bits
Information 
144 bits
Tail 
3 bits
\
.......... .................x ............... ................................
Address 
1-octet
Control 
1-octet
Length 
indicator 
1-octet
Information
15-octets
NB: The 26-bit training sequence used in GSM system may be reduced in the S-PCN due to reduced 
delay spread.
Figure 3-5 Signalling packet format
nam e o f channels recurrence tim e (TDM A frames) information block length(bits)
ICOIO L EO 66
B C C H 12 8 144
FC C H 2 2 142
SCH 2 2 27
A G CH 12 8 144
PG C H 24 16 144
RA CH 1 0 + (l..n r) 6 + (l..« r) 16
D C C H  . 1-12 >—* 
1 
l OO 144
*nr : upper bound of uniform back-of re-transmission distribution.
Table 3-1 Recurrence time and signalling block length o f control channels
T h e  signalling  co n v ey ed  by  th e  F C H  u sin g  th e  specially  defined  b it se q u en ces  allow s 
th e  m o b ile  rec e iv e rs  to  b e  freq u en cy  sy n ch ro n ized . T h e  tim e sy n ch ro n iza tio n  b e tw e e n  
m o b iles an d  a  B S  in  th e  G S M  sy stem  is ach iev ed  th ro u g h  se ttin g  u p  a  tim e-b ase  
c o u n te r  a t th e  m ob iles  by  rece iv in g  th e  S C H  [S T E 9 4 ]. T h e  sam e  sy n ch ro n iza tio n  
m ech an ism  can  b e  u se d  a t th e  S -P C N s’ a ir-in te rface . T h e  T S  n u m b er is c o n v e y e d  by 
th e  sy n ch ro n iza tio n  b u rs t w h ich  is a lw ays tran sm itted  in  th e  T S 1  o f  ev e ry  o th e r  fram e 
(F ig u r e  3 - 3 ) .  T h e  in fo rm atio n  fie ld  in  th e  sy n ch ro n iza tio n  b u rs t a lso  co n v ey s  th e  E S  
ED an d  fram e  n u m b e r (F N ) w h ich  is u sed  m a in ly  fo r th e  en c ry p tio n  a lg o rith m .
3,3 S-ALOHA RACH USING PBFA SCHEME
3 .3 .1  R a n d o m  A c c e s s  C h a n n e l
T o  c o p e  w ith  th e  lo w  tra ffic  cycle  in m o b ile  sy stem s, a  d em an d  a ss ig n m en t m u ltip le  
access  (D A M A ) sch em e  is w idely  u sed . W h e n  m obiles h av e  co m m u n ica tio n  need s,
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th ey  h av e  to  access  th e  n e tw o rk  th ro u g h  a  co m m o n  c h an n e l-R A C H  w ith o u t c o ­
o rd in a tio n  b e tw e e n  them .
T h e  s lo tte d -A L O H A  (S -A L O H A ) p ro to c o l is usually  u se d  on  th e  R A C H  in m o s t 
m o b ile  co m m u n ica tio n  system s d u e  to  its sim plicity . E v en  th o u g h  S -A L O H A  can  
im p ro v e  th e  th ro u g h p u t p e rfo rm an ce  o f  p u re  A L O H A , its m ax im um  th ro u g h p u t (1 /e ) 
is still very  low . T h is  is b ecau se  o f  th e  p a c k e t co llision . T h e  th ro u g h p u t p e rfo rm an ce  
w ill d e te rio ra te  still fu rth e r  i f  th e  s igna l goes v ia  a  fad in g  channel.
T h e  fo rm at o f  satellite R A  (S -R A ) packe t needs to  be different fro m  that o f  the G S M -R A  
p ack e t [S T E 94]. A s show n in  F ig u r e  3 -6 ,  a  13-bit ran d o m  reference is u sed  to  distinguish 
the u sers com peting  fo r  the sam e channel. D u e  to  using the time cap tu re  effect, the  packets 
transm itted  in the sam e channel can  be correctly  received by  an E S C  if  they  are no t 
overlapped. T o  avoid the sam e reference num ber u sed  by these collision-free packets, w e 
increase the  allocation to  the random  reference elem ent (13bits instead  o f  5bits). T he S -R A  
p ack e t has 99-bits including 16 inform ation bits.
Tail Bits
3
Sync, sequence 
41
Coded info, bits 
52
Tail Bits 
3
GP
5.52ms
/  .............. ...............X ..........
99 bits
Establish cause Random reference
3 bits 13 bits
Figure 3-6 RA burst form at
A s a  re su lt o f  th e  la rg e  co v e ra g e  o f  sate llites, th e  delay  d iffe ren ce  b e tw een  p ack e ts  
e m a n a te d  by  tw o  M S s w h ich  co m p e te  fo r  th e  sam e channel can  b e  very  la rg e  ev en  if 
th e  c o v e ra g e  is d iv id ed  by  its m u lti-b eam  a n ten n a  fo o tp rin t. T o  u se  th e  S -A L O H A  
p ro to c o l, m o b ile s  a re  req u ire d  to  sy n ch ro n ize  to  th e  beg inn ing  o f  an  R A  slo t. T o  av o id  
th e  in te rfe ren ce  to  th e  o th e r  ch annels, a  m in im um  G P  w hich  is tw ic e  th e  m ax im um  
p a th  delay  d iffe rence  (2(dmax-dmin)/c ) in a  SB  c o v e rag e  is necessary . T h e  p a th  delay 
d iffe ren ce  in  a SB  a re a  is, a t its w o rs t, 2 .7 6 m s fo r  an  IC O  10 sa te llite  w h ich  has 163 
SB s. T h e re fo re  th e  m a x im u m  m is-a lig n in g  o f  R A  p ack e ts  in the sam e ran d o m  access slo t 
cou ld  b e  as m uch as 5 .52m s (G P). B e c a u se  th e  no rm al T S  is 6 .6 7 m s, a  R A  b u rs t needs 
to  o c cu p y  tw o  T S s in o rd e r  to  a c c o m m o d a te  th e  G P . T h e re fo re , the  R A  slot, TSra, is 
2x6 .67m s. O bv iously , th e  tran sm issio n  effic iency  o f  th e  R A C H  is very  lo w  b ecau se  o f  
th e  lo n g  G P . T h e  channe l cap ac ity  o f  a  G S M -R A C H  is a b o u t 7 .8 k b /s  (c o d e d  
in fo rm a tio n ), w h ereas  th e  S a te llite -R A C H  (S -R A C H ) capac ity  is only  a ro u n d  1 .3kb /s 
a ssu m in g  o n e  ran d o m  access s lo t in each  fram e.
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S in ce  th e  ac tu a l R A  p a c k e t len g th  is on ly  2m s, it is possible th a t tw o  p acke ts  com peting  
fo r th e  sam e channel can  be cap tu red  by  the  receiver due to  the  geograph ic  separation  
b e tw een  users. This phenom enon  is called the  t im e  c a p tu r e  e f f e c t  w hich can  b e  explo ited  to  
im prove the  R A C H  perform ance.
T h e  R A C H  co llision  tim er is d e te rm in ed  by th ree  fac to rs: the  p ro p a g a tio n  delay , th e  
R A  an d  th e  access  g ra n t (A G ) p a c k e t  tran sm issio n  delays and  th e  e a r th  s ta tio n  
p ro c e ss in g  delay . T h e  co llision  tim er o f  th e  G S M -R A C H  is a ro u n d  175m s co n sid erin g  
th e  p ro c e ss in g  tim e  o f  th e  B S  (1 4 8 m s) and  th e  A G  p a c k e t tran sm iss io n  delay  (fo u r 
G S M  fram es d u e  to  p a c k e t in te rleav ing ). T h e  p ro p a g a tio n  delay  in te rre s tr ia l sy stem s 
is neg lig ib le . H o w e v e r  th e  co llis ion  tim e r fo r  sa te llite  system s m u st b e  lo n g e r  th an  th a t 
o f  th e  G S M  sy stem  d u e  to  th e  sizab le  p ro p a g a tio n  delay  o f  th e  fo rm er, w h ich  is no  
lo n g er n eg lig ib le . A s sh o w n  in  T ab le  3 .1 , w e  assu m e th a t th e  co llis ion  tim er fo r  IC O IO  
and  L E O 66 sa te llite  sy stem s is 10 and  6 T D M A  fram es (4 0 0 m s an d  2 4 0 m s) 
re sp e c tiv e ly  b a se d  o n  ab o v e  th ree  fac to rs .
3 .3 .2  R A C H  T h r o u g h p u t  a n d  D e la y
In  m o b ile  sy stem s, P o isso n  d is trib u tio n  can  b e  assu m ed  fo r  th e  R A C H  w ith  channel 
lo a d  G  (inc lud ing  new  an d  re - tra n sm itte d  R A  p ac k e ts )  if  th e  to ta l n u m b e r o f  u se rs  is 
la rg e . H e n c e  th e  p ro b ab ility  th a t k  p ack e ts  a re  tran sm itted  in  o n e  T S  is g iv e n  by
/>(*) = + - e x p ( - G )  (3 .1 )
k \
A t th e  sa te llite  a ir-in te rface , th e  ra n d o m  access p ack e ts  su ffe r n o t  on ly  fro m  th e  
co llis ions b u t a lso  fro m  th e  channel fad ing  effec t. T h e  su ccess  p ro b ab ility  (P lV) fo r  a 
tra n sm itte d  p a c k e t is e x p re sse d  as
P , = e x p ( - G ) P » ( l - P j  (3 .2 )
w h e re  e x p ( - G )  is th e  p ro b ab ility  th a t a  p a c k e t tran sm itted  w ith o u t co llis ion . P ss(n )  and  
P e a re  re sp ec tiv e ly  th e  p ro b ab ility  th a t an  n -b it p a c k e t is tra n sm itte d  in th e  g o o d  
c h an n e l s ta te  (E q u a tio n  2 .2 4 ) and  th e  p a c k e t e r ro r  p robab ility  d u e  to  m u ltip a th  fad ing  
e ffe c t (E q u a tio n  2 .29 ). T h e  R A C H  th ro u g h p u t is g iv en  by
S  - G  - Ps =  G • e x p ( - G ) Psx( n ) ( l  — Pe )  (3 .3 )
T h e  ch an n el th ro u g h p u t v e rsu s  th e  channel lo a d  is p lo tte d  in F ig u r e  3 - 7  fo r  an 
e lev a tio n  ang le  o f  10°. F o r  th e  S -A L O H A  p lo t, only  th e  co llis io n  p ro b ab ility  is 
co n s id e red . T h e  o th e r  tw o  p lo ts  a re  th e  R A C H  th ro u g h p u t in  th e  h ig h w ay  an d  city  
en v iro n m en t. C learly , th e  channel th ro u g h p u t is severe ly  re d u c e d  d u e  to  th e  channel 
fad in g  e ffec t, esp ec ia lly  in  th e  c ity  env iro n m en t.
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The channel load, G (packet/slot)
Figure 3-7 RACH throughput vs. channel load (ICO 10 satellite, E:10°)
The channel load G (packet/slot)
Figure 3-8 New generated channel load Si versus G 
(re-transmission times: 10, ICO 10 satellite, E:10°)
T h e  p ro b a b ility  o f  p a c k e t lo ss  d ep en d s o n  the  a llo w ed  re -tran sm iss io n  tim es  (N ):
=  (3-4)
D u e  to  p a c k e t re -tran sm issio n , new  g e n e ra te d  traffic  lo ad  Si is d iffe ren t fro m  th e  
ch an n e l lo ad  G  w h ich  co n sis ts  o f  b o th  re -tran sm ittin g  and  new  g e n e ra te d  tra ffic  lo ad  
[W H I92b]
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Sf = G - P , / ( l - ( l - P , ) ff) (3.5)
w h ere  N  is th e  re -tran sm iss io n  tim es. I t  is w ell k n o w n  th a t th e  S -A L O H A  R A C H  
reach es  th e  m ax im um  th ro u g h p u t w h en  th e  channel lo ad  G =1 (F ig u r e  3 - 7 ) .  H e n c e  fo r
g iven  N , th e  m ax im u m  th ro u g h p u t is reach ed  a t 8 -opf) =  P sj 1^ -  ( l  -  Ps ) N j  as sh o w n  in
F ig u r e  3 - 8  w h e re  S \npt) ’s a re  0 .1 1 3  and  0 .2 5 3  p a c k e t/s lo t fo r  th e  c ity  an d  h ighw ay
en v iro n m e n t resp ec tiv e ly . T h e  low  Si (n ew  g e n e ra ted  access lo ad ) in th e  city  
e n v iro n m e n t is b ecau se  P x in  th e  c ity  is m u ch  lo w e r th an  th a t in  th e  h ig h w ay . W h e n  G  
in c reases  b ey o n d  1, re -tran sm iss io n s  ca u se d  b y  co llision  d o m in a te  th e  ch an n el load . 
T h e re fo re  th e  Si in  b o th  city  and  h ighw ay  en v iro n m en ts  te n d  to  b e  th e  sam e. W e  will 
u se  th e  Sj as th e  channel lo ad  p a ra m e te r  in o u r  s tudy  b ecau se  it re f lec ts  th e  ac tual 
su p p o rta b le  tra ffic  lo ad  fo r  th e  a llo ca ted  channel cap ac ity  an d  th e  a d o p te d  access 
co n tro ls .
T h e  av e rag e  n u m b e r o f  tran sm iss io n s  p e r  d e liv e red  p a ck e t is g iv en  by
N = { G - N - S r P , J / s  ( 3 . 6 )
I f  th e  access  p a c k e t is co rrec tly  rece iv ed , th e  E S C  sends an  a c k n o w le d g m e n t (access 
g ra n t-A G  p a c k e t)  w hich  g ran ts  a D C C H  to  th e  m obile . I f  an  access  u se r  d o es  n o t 
rece iv e  th e  A G  p a c k e t un til the  co llis ion  tim er exp ires, it re -tran sm its  th e  R A  p ack e t. 
T o  av o id  fu r th e r  co llis ion , th e  re -tran sm iss io n  is random ly  d e fe rred  by  a  n u m b er o f  
slo ts. A ssu m in g  a  u n ifo rm  d is trib u tio n  o f  b a c k -o ff  re -tran sm issio n s, th e  av e rag e  access 
de lay  can  be  ca lcu la ted  b y  the  fo llo w in g  equation :
D  =  T „  +  Tm  +  V ( r c +  (3.7)
w h e re  T c is th e  co llis ion  tim er w h ich  has b een  d iscu ssed  p rev io u sly . Tprop is the  
p ro p a g a tio n  delay  (ro u n d  trip ) and  T RA is th e  R A  p a c k e t tran sm issio n  delay. n r is th e  
m ax im u m  b a c k -o ff  p a ra m e te r  (in  tRA, th e  d u ra tio n  b e tw een  ad jacen t ra n d o m  access 
tim e  s lo ts). T h e  tRA, as sh o w n  in F ig u r e  3 - 1 0 , is o n e  T D M A  fram e. T h e  d u ra tio n  o f  a  
ra n d o m  access  tim e  s lo t is tw o  n o rm al T S s in  th e  o u te rm o s t SB  co v erag e . T h e  m ean  
R A  delay  in  b o th  c ity  an d  h ighw ay  en v iro n m en ts  are  p lo tte d  v e rsu s  channel lo ad  in 
F ig u r e  3 - 9 .
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The channel load G (packet/slot)
Figure 3-9 Mean RA delay versus G (ICOIO satellite, E=10°, nr—7, Tc=0.4 second)
3.3.3 A Priority-Based Random Access Scheme
In  ce llu la r G S M  sy stem s, th e  S -A L O H A  p ro to c o l, a lth o u g h  lo w  in  th ro u g h p u t, has 
b een  a d o p te d  on  th e  R A C H  fo r  its sim plicity . T o  o v e rco m e  th e  d isad v an tag e  o f  low  
th ro u g h p u t, m o re  channels hav e  to  b e  a llo ca ted  as th e  channel lo a d  increases. 
H o w e v e r, so m e  fo rm  o f  dynam ic  co n g e s tio n  co n tro l is still re q u ire d  in  o rd e r  to  
a c c o m m o d a te  th e  p e a k  ch a n n e l lo ad  o r co p e  w ith  th e  s itu a tio n s w h e re  th e  channel lo ad  
req u ire s  m o re  chan n e ls  th an  th e  channel cap ac ity  can  su p p o rt. T h e  G S M -R A C H ’s 
c o n g e s tio n  c o n tro l m echan ism s is to  b ro a d c a s t th re e  R A C H  re la te d  p a ram e te rs : th e  
m ax im u m  n u m b er o f  a llo w ed  re -tran sm iss io n s , th e  av e rag e  tim e  b e tw e e n  rep e titio n s , 
an d  th e  access  c lasses fo rb id d en  fro m  accessin g  th e  sy stem  [M O U 9 4 ]. M ob iles 
sch ed u le  th e ir  ra n d o m  access a ttem p ts  acco rd in g  to  th ese  th ree  p a ra m e te rs . H en ce  
accep tab le  R A C H  p e rfo rm a n c e  can  be ach ieved .
M o b ile  sa te llite  sy stem s su ffe r fro m  fad ing  and  sh ad o w in g  a t lo w  e lev a tio n  angles. 
T h u s  th e  S -R A C H  p e rfo rm an ce  is a ffec ted  n o t on ly  by  th e  co llis ions b u t  a lso  th e  
ch an n e l fad in g  effec t. In  th e  ce llu la r m ob ile  co m m u n ica tio n  sy stem s, th e  p o w e r  c a p tu re  
e ffec t c an  b e  u se d  to  im p ro v e  th e  R A C H  p erfo rm an ce . I t  can  b e  co n ce iv ed  th a t th e  
s tro n g e r  s igna l o f  tw o  co llid ed  p a c k e ts  can  b e  c a p tu re d  by  th e  rece iv e r i f  th e  o th e r  o n e  
is sh a d o w e d . H o w e v e r , i f  o n e  o f  tw o  co llis ion  p a c k e ts  is partly  sh a d o w e d , th e re  is no  
b e n e fit f ro m  th e  c a p tu re  effec t. T h e  sh a d o w e d  p a c k e ts  only in c rease  th e  channe l load . 
T h e  S -R A C H  h as, as d iscu ssed  p rev io u sly , lo w e r channel cap ac ity  an d  a lo n g e r 
co llis ion  tim er th an  th e  G S M -R A C H . T o  ta c k le  th e se  p ro b lem s, an  G o o d  C hannel 
T ra n sm iss io n  (G C T ) a p p ro ach  [JA H 93] has b een  p ro p o sed . T h e  G C T  m e th o d  req u ires
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m ob iles  to  e s tim a te  th e ir  lin k  quality  b e fo re  transm ission . T h e  access  a tte m p ts  a re  
p o s tp o n e d  if  a  sh ad o w in g  ch an n e l co n d itio n  is d e tec ted . T h e  G C T  a p p ro a c h  effec tively  
re d u c e s  th e  R A C H  lo ad , h en ce  th e  co llis ion  p robab ility , by  e lim inating  th e  invalid  
tran sm iss io n s . W ith  th e  G C T  a p p ro ach , th e  R A  p ack e ts  are  only  tra n sm itte d  in th e  
“ g o o d ” ch an n el s ta te  (i.e . lin e -o f-s ig h t signal is availab le). H o w e v e r, ev en  th o u g h  th e  
ch an n e l is in  a  g o o d  s ta te  a t th e  beg inn ing  o f  transm ission , th e  tra n sm itte d  p a c k e ts  
m ig h t still b e  p artia lly  sh a d o w e d  and  h av e  n o n -c o rre c tab le  e rro rs  d u e  to  th e  channel 
dynam ics. I f  a  tran sm iss io n  e r ro r  is e n c o u n te re d , th e  d e lay -sensitive  R A  p a c k e ts , e .g . 
p ag in g  re sp o n se  and  channel req u es t, co u ld  su ffe r lon g  delay  d u e  to  lo n g  r e ­
tran sm iss io n  cycle .
S in ce  th e  access  delay  o f  th e  delay -sen sitiv e  R A  p a c k e ts  is the  m o s t critica l fa c to r  th a t 
a ffec ts  th e  call s e t-u p  delay  an d  th e  signalling  lo ad , its red u c tio n  w ill sign ifican tly  
im p ro v e  th e  signalling  load . T o  th is end , w e  p ro p o se d  a novel ra n d o m  access  m e th o d  
k n o w n  as th e  p rio rity  b a se d  fa s t access  (P B F A ) sch em e  b ased  o n  th e  G C T  ap p ro ach .
In  th is  a p p ro ach , as sh o w n  in F ig u r e  3 - 1 0 ,  th e  R A  p ack e ts  a re  c lassified  in to  tw o  
g ro u p s , fa s t access  (F A ) an d  slo w  access (S A ), acco rd in g  to  th e ir  de lay  co n stra in ts : 
T h e  F A  g ro u p  inc ludes p ag in g  re sp o n se  and  channel re q u e s t p a c k e ts ; an d  th e  S A  
g ro u p  in c lu d es  lo c a tio n  u p d a tin g  and  reg is tra tio n  p acke ts.
T h e  co p ie s  o f  F A  p a c k e ts  a re  tra n sm itte d  in  tw o  co n secu tiv e  R A  tim e  s lo ts  in o rd e r  to  
in c rea se  th e  su ccess  p ro b ab ility  o f  th e  fa s t access  p ack e ts . F o r  th e  S A  p a c k e ts , th e  
len g th  o f  tran sm iss io n  c y c le  d ep en d s on  th e  ch an n e l load .
T h e  P B F A  is s im p le  in  im p lem en ta tio n  and  e ffec tiv e  in  red u c in g  th e  delay  o f  call se t-u p  
re la te d  R A  p ack e ts . T h e  re d u c tio n  o f  th e  access  de lay  is a t th e  ex p en se  o f  tran sm issio n  
re d u n d an cy  w h ich  in creases  th e  channel load . E v en  th o u g h  th e  cap a c ity  o f  th e  S - 
R A C H  is lo w e r  th an  th a t o f  th e  G S M -R A C H , th e  m in o r in crease  o f  th e  ch an n el lo ad  
d u e  to  re d u n d a n t F A  p a c k e ts  w ill n o t d e g ra d e  th e  channel p e rfo rm an ce  w h en  th e  to ta l 
c h an n e l lo ad  is low . I f  th e  to ta l ch an n e l lo ad  reach es  th e  p e a k  p o in t, th e  lo a d  in c rem en t 
c a u se d  by  th e  F A  red u n d an cy  can  b e  b a lan ced  by  th e  re d u c tio n  o f  th e  channel lo a d  fo r 
S A  p ack e ts  u s in g  a lo n g  re -tran sm iss io n  cycle .
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TSr
RACH collision timer: 10 (TDMA frames)x 6 (TSs) =400ms
RA RA RA RA RA RA RA FA RA
RA
A RACH in a cell is mapped in 20TSs (10 RA TSs) of a signaling carrier
Figure 3-10 PBFA scheme for S-Aloha RACH and RACH frame
3 .3 .4  R A C H  P e r fo rm a n c e  E v a lu a tio n
In section  3 .3 .2 , the R A C H  perform ance param eters S, Si, G , Pu>ss a n d  D  have been given 
in analytical expressions. H ow ever, due to  the large coverage o f  a  satellite SB , the access 
users m ay com e from  different environm ents and their p ropagation  delays differ 
considerably  causing a  phenom enon know n as the tim e capture  effect w hich has been 
in troduced  previously. T herefore  to  evaluate the S -R A C H  perform ance a com plex 
sim ulation m odel is required  fo r sim ulating the practical fading environm ents, the satellite 
constellations and the u se rs’ random  distribution.
H av in g  o b ta in ed  the  sa te llite  co n ste lla tio n  s ta tis tic s  and  the p a c k e t su ccess  p robab ility  
P s fro m  th e  channel s im u la tion , w e p e rfo rm  ex ten siv e  R A C H  sim u la tions in a SB 
c o v e ra g e  in w hich  M S s are  random ly  d is trib u ted . M o re  specifically , th e  M S s are 
lo ca ted  inside a co n cen tric  c irc le , th u s p ro v id in g  the possib ility  to  em u la te  th e  access  
co llis io n s  an d  d eriv e  all re lev an t s ta tis tics  a sso c ia ted  w ith  a R A C H  in a SB .
T he advantage o f  the p roposed  P B F A  approach  has been dem onstrated  th rough  the R A C H  
perform ance im provem ent relative to  the S -A L O H A  pro toco l in the fading channel and the 
G C T  schem e. T he R A C H  perform ance in term s o f  delay, capacity  and failure access ra te
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(the ra tio  o f  the  num ber o f  failed R A  packets in a  unit tim e-TS to  the Si) are evaluated  fo r 
bo th  the  IC O  10 and  L E O 66 satellite system s.
3 .3 .4 .1  A s s u m p t i o n s
In  th e  evaluation  o f  the  R A C H  perform ance, w e have m ade the follow ing assum ptions:
•  M obile  users, o f  w hich 70%  are fro m  highw ay and  30%  are fro m  city  environm ent, are 
uniform ly distributed in an ou te rm ost SB  coverage  fo r bo th  the IC O  10 (E: 10°-18.5°) and 
L E O 66 (E: 8 .2°-20 .8°).
■ •  T he  in ter-arrival ra te  (IA R ) o f  the  F A  packets is 1/3 o f  the Si.
•  7t/4 Q P S K  m odulation  and  (2,1,7) convolu tion  coding schem e are  assum ed fo r a  
R A C H  w ith  40 0  b/s un -coded  bit rate. O ne th ird  o f  one carrier capacity  (50kbps) is 
allocated  to  the  R A C H  in a  SB coverage.
•  T h e  re-transm ission tim e (N ) is assum ed to  b e  10; the  back -o ff param eter n r is assum ed 
to  be  7 (in r f ) ;  the  p rocessing  tim e o f  a  R A  p acke t a t earth  stations is assum ed to  be 0 .15 
second; the  collision tim ers are 0 .4  and 0 .24  seconds fo r the  IC O 10  and  the  L E 0 6 6  
system s respectively.
•  T h e  channel param eters are given in T able 2 .3 . T he m obile velocity  is assum ed to  be 
90km /h.
3 .3 .4 .2  R e s u l t s  a n d  D i s c u s s io n s
F ig u r e  3 - 1 1  show s th a t the  th roughpu t o f  S -A L O H A  R A C H  in IC O 1 0  is reduced  from  
the theoretical value o f  1/e ( -0 .3 6 8 )  to  less than  0 .20  due to  channel fading. This does no t 
ag ree w ith  the analytical resu lts show n  in  F ig u r e  3 - 7 ,  m ainly due to  the tim e cap tu re  effect 
and  the m ixed traffic (30%  and  70%  o f  the users are respectively fro m  the city  and  highw ay 
environm ents). I t can  be observed  in the  F ig u r e  3 - 1 1  that the p eak  th ro u g h p u t o f  the  
P B F A  plo t is 0 .42 , w hich is h igher than  1/e. P art o f  the th roughpu t im provem ent is 
a ttribu ted  to  the  tim e cap tu re  effect w hich is caused  by the path  delay difference b etw een  
the  geographically  separa ted  users. F o r a  fair com parison, the tim e cap tu re  effect has also 
been  included in the  S -A L O H A  throughput.
S in c e  th e  G C T  an d  P B F A  a p p ro ach es  a re  spec ia lized  fo r  co u n te ra c tin g  th e  sh ad o w in g , 
th ey  h av e  a  sign ifican t th ro u g h p u t im p ro v em en t c o m p ared  to  th e  S -A L O H A  p ro to c o l 
u se d  in th e  fad in g  en v iro n m en t. F o r  th e  P B F A  ap p ro ach , in o rd e r  to  b a lan ce  th e  lo ad  
in c rease  c a u se d  by  th e  red u n d an cy  o f  th e  F A  p ack e ts  w hen  th e  ch an n el lo ad  is 
in c re a se d  to  sa tu ra tio n  p o in t, w e  in c rease  th e  tim er fo r  th e  S A  p a c k e ts  to  th ree  tim es 
o f  th e  len g th  o f  th e  n o rm al tim er fro m  th e  channe l lo ad  0 .45  p a c k e ts /s lo t u p w a rd . T h e  
P B F A  a p p ro a c h  sh o w s th e  h ig h e r th ro u g h p u t th an  th e  G C T  ap p ro a c h  a t th e  h igh  
ch an n e l load . D u e  to  th ro u g h p u t im p ro v em en t, th e  m axim um  su p p o rta b le  channel lo ad  
(0 .5 5  p a c k e t/s lo t)  u sin g  th e  P B F A  sch em e is a lso  in creased  c o m p a re d  to  th a t o f  u sin g  
th e  S -A L O H A  p ro to c o l (0 .3  p a c k e t/s lo t)  an d  th e  G C T  ap p ro ach  (0 .45  p a c k e t/s lo t) .
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RACH inter-arrival rate (packet/sec, packet/slot)
Figure 3-11 Throughput vs. Si in ICO 10 system.
RACH inter-arrival rate (packet/slot)
Figure 3-12 RACH throughput due to time capture effect
In  F ig u r e  3 - 1 2 ,  the th ro u g h o u t im provem ent due to  the tim e cap tu re  effect is p lo tted . It 
can  be observed  tha t the higher the channel load, the higher the th ro u g h p u t im provem ent 
due to  th e  tim e cap tu re  effect. T he  m axim um  th roughpu t o f  the tim e cap tu re  effect in the  
ou te rm o st SB  coverage  o f  the  IC O IO  can be as m uch  as 0.21 packets/slo t. T h e  c a p tu re  
th ro u g h p u t in  L E O 66 is c o n s id e rab ly  lo w e r th a n  th a t o f  th e  IC O IO . T h is  is b e cau se  th e  
p a th  delay  d iffe ren ce  in  th e  L E O 66 SB  a re a  is sm aller th an  th a t in  th e  IC O IO  SB  
co v e ra g e . T h e re fo re , in S -P C N s, th e  lo w  tran sm issio n  effic iency  o f  S -R A C H  d u e  to  
th e  lo n g  G P  can  b e  im p ro v ed  b y  u s in g  th e  tim e  cap tu re  effect.
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F ig u re  3 -1 3  R A C H  th ro u g h p u t in L E 0 6 6  s a te ll ite  sy s te m
T h e  th ro u g h p u t p lo t  fo r  L E O 66-R A C H  sh o w s (F ig u r e  3 - 1 3 ) th a t th e  m ax im u m  0 .3 8  
th ro u g h p u t can  b e  ach iev ed  u s in g  th e  P B F A  ap p ro ach . C o m p arin g  th e  p lo ts  in  F ig u re  
3-11 and  3 -1 3 , th e  R A C H  th ro u g h p u t in  th e  L E O 66 is lo w er th an  th a t in  th e  IC O  10. 
S in ce  th e  sh o rte r  co llis ion  tim er u se d  in  th e  L E O 66 th an  th a t in  th e  IC O  10, lo w e r 
ch an n e l lo a d  (n ew  g e n e ra te d  access lo ad ) can  b e  su p p o rte d  in  th e  L E O 66 th an  th a t in 
th e  IC O  10 w ith  th e  sam e  ch an n e l a lloca tion .
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
RACH inter-arrival rate (packet/sec, packet/slot)
F ig u re  3 -1 4  M ea n  R A C H  d e la y  vs. IA R  in  IC O  1 0  sy s te m
T h e  m ain  o b jec tiv e  o f  th e  P B F A  is to  re d u c e  th e  access  delay  o f  th e  d e lay -co n s tra in ed  
R A  p a c k e ts . This has been  achieved as show n  in  F ig u r e  3 - 1 4  fo r IC O 1 0  system . W ith  th e  
P B F A  schem e, the fast access packe t delay is respectively, in the  ex trem e case, 177m s and
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1.66 second  less than  tho se  o f  th e  G C T  and  the S -A L O H A  approaches befo re  the  R A C H  
load  exceeds 0 .35  packets/slo t. I f  w e  re d u c e  th e  S A  lo ad  by  in c reas in g  th e  tim e r’s len g th  
w h en  th e  to ta l channel lo a d  is n e a r to  th e  p e a k , th e  fa s t access delay  is fu r th e r  re d u c e d  
c o m p a re d  to  th e  delay  o f  u sin g  th e  G C T  schem e. B u t th e  delay  o f  s lo w  access  p ack e ts  
is in creased .
0.06 0.1 0.13 0.15 0.17 0.2 0.25 0.3 0.32 0.35 0.38 0.4 0.45
RACH inter-arrival rate (packet/sec, packet/slot)
Figure 3-15 Mean access delay in LE066 satellite system
T h e  delay  p e rfo rm a n c e  o f  th e  S -A L O H A , G C T  and  P B F A  a p p ro ach es  u se d  in  the  
L E O 66 sy s tem  a re  c o m p a re d  an d  sh o w n  in F ig u r e  3 - 1 5 .  C o m p a re d  to  th e  G C T  
ap p ro a c h , a  m ax im u m  o f  2 1 0 m s delay  re d u c tio n  (b e fo re  th e  p e rc e n ta g e  o f  p a c k e t loss 
e x c e e d s  1% ) fo r  th e  F A  p a c k e ts  can  b e  ach iev ed  by  u sin g  th e  P B F A  schem e. T o  
b a lan ce  th e  in c rea sed  channe l lo ad  d u e  to  th e  red u n d an cy  o f  fa s t a ccess  p a c k e ts , w e  
in c re a se  th e  tim e r len g th  o f  slow  access  p ack e ts  a t h igh  access load . E v e n  th o u g h  th e re  
is a  su d d en  in c rease  o f  slow  access delay  o w in g  to  the  in crease  o f  tim e r len g th , the  
c h an n e l sa tu ra tio n  p o in t is sh if te d  u p w ard  (F ig u r e  3 - 1 3 ) .  T h e re fo re  th e  de lay  red u c tio n  
o f  th e  fa s t access p a c k e ts  re la tiv e  to  th e  access delay  o f  u sin g  th e  G C T  a p p ro a c h  is 
fu r th e r  in c reased .
F ig u r e  3 - 1 6  sh o w s th e  p a c k e t loss p ro b ab ilities  o f  th e  S -A L O H A  an d  th e  P B F A  
sch em es fo r  th e  IC O IO  sy stem . T h e  P B F A  ap p ro ach  exh ib its  a  s ig n if ican t im p ro v e m e n t 
c o m p a re d  to  th e  fo rm er. B e c a u se  th e  sy s tem  allow s th e  co m m u n ica tio n  channel 
b lo ck in g  p ro b ab ility  to  b e  as lo w  as 1% , th e  p ro b ab ility  o f  signalling  lo ss  sh o u ld  be  
lo w e r th an  1% . In  o u r  s tu d y , w e  h av e  fo u n d  th a t th e  m axim um  Si o f  10 access  p e r  
se c o n d  can  b e  su p p o rte d  by a llo ca tin g  o n e  th ird  o f  th e  ca rr ie r  cap ac ity  to  th e  R A C H  in 
IC O IO  o u te rm o s t SB  c o v e rag e . In  th e  L E O 66 system , th e  m ax im u m  su p p o rta b le  
R A C H  lo ad  (S i) is 8 p a c k e t/se c  w hich  is slightly  lo w e r th an  th a t in th e  IC O IO  sy stem  
( F ig u r e  3 - 1 7 ) .
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Figure 3-16 RA packet loss probability vs. St in ICO 10 system
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Figure 3-17 RA packet loss probability in LE066 system
T h e  o ffe red  traffic  lo a d  in  a SB  c o v e ra g e  is re la te d  to  th e  call a rriva l ra te  Q i (call s e t­
u p  re la te d  access s ig n a llin g  load ) an d  th e  ca llin g  tim e  [L E E 94]
A ( e r la n g s )  =  (3-8)
w h e re  T  is th e  av e rag e  ca lling  tim e  a ssu m ed  to  b e  3 m inu tes an d  Q i is th e  m ax im um  
calls p e r  h o u r  p e r  cell. T ra ffic  lo a d  A  can  b e  ca lcu la ted  a cco rd in g  to  th e  E rla n g  B  
fo rm u la
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G O S  =  E ( A ,  N ch) = A Nl N c„ ! (3 .9 )
w h e re  N ch is th e  m ax im u m  n u m b er o f  T C H  a llo ca ted  in a SB area . T h e  E rla n g  re su lt 
c a lc u la ted  fro m  E q u a tio n  3 .9  is u se d  in  E q u a tio n  3 .8  to  d erive  Q x. T h e  lo ca tio n  
u p d a tin g  ra te  R w  (n o n -ca ll re la te d  access ra te )  o f  a  u se r  can  b e  d e riv ed  fo r  a  g iven  
n u m b e r o f  use rs  (N u)  in  a  SB  c o v e ra g e  as
S i - Q t
R l u =
N. .
(3 ,1 0 )
T a b le  3 .2  sum m aries th e  d iv ision  o f  th e  R A C H  lo ad  b e tw een  th e  ca ll an d  n o n -ca ll 
re la te d  accesses . D u e  to  th e  h igh  m obility  o f  th e  L E O  sate llites, th e  lo c a tio n  a re a  in 
L E O 66 sh o u ld  b e  sm alle r th an  th a t in  th e  IC O  10. W e assum e th a t th e  L E O 66 R A C H  
su p p o rts  fe w e r u se rs  in a  S B  c o v e ra g e  th an  th e  IC O  10 R A C H . A llo ca tio n  o f  m o re  
R A C H s is n ee d e d  if  th e  call an d  non-ca ll re la te d  access ra te  ex ceed s  th e  a llo ca ted  
cap ac ity .
ICO10 L E 0 6 6
R A C H  IA R (Si )(packet/sec) 10 8
Call loss probability <1% <1%
N um ber o f  TCH  (Nch) 450 450
A  (Erlangs) 425 425
Call related access rate (<2;) (paclcet/sec) 2.36 2.36
N um ber o f user (Nu) 180,000 90,000
A user’ location updating rate (Rl u) (access/hour) 0.15 0.23
Table 3-2 RACH load in ICO 10 and LE 066 satellite systems
F in a lly  th e  R A  delay  d is trib u tio n  in  IC O  10 and  L E O 66 system s a re  sh o w n  in  F ig u r e  3 -  
1 8  a n d  3 - 1 9  re sp ec tiv e ly . W e  h a v e  fo u n d  th a t th e  de lay  o f  R A  p ack e t w h ich  is re ce iv ed  
in  th e  firs t a tte m p t is w ith in  0 .3  seco n d  in  th e  IC O 1 0  system , w h e reas  it  is w ith in  0.1 
se c o n d  in  th e  L E 0 6 6  sy stem . D u e  to  u s in g  th e  P B F A  ap p ro ach , m o re  th a n  80%  o f  fa s t 
access  p a c k e ts  sen t by  th e  u se rs  fro m  o p e n  and  u rb an  a reas  re sp ec tiv e ly  can  
su ccessfu lly  access  th e  n e tw o rk  w ith in  0 .5  and  1 seco n d  in  b o th  IC O  10 and  L E O 66 
system s. E v en  th o u g h  th e  p ro p a g a tio n  delay  is lo n g  in th e  IC O  10 sy stem , th e  sim ilar 
R A C H  p e rfo rm a n c e  ca n  b e  ach iev ed  in  th e  IC O  10 system  as th a t in th e  L E O 66 sy stem  
d u e  to  th e  u se  o f  th e  P B F A  ap p ro ach . M o re o v e r, w e  also  o b se rv e  th a t th e  P B F A  
ap p ro ach  is m o re  u se fu l fo r  th e  R A  p ack e ts  tran sm itted  in  th e  b a d  ch a n n e l co n d itio n .
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Random access delay (second)
Figure 3-18 ICOIO RA delay distribution (Sj=0.3 packet/slot)
Random access delay (second)
Figure 3-19 LEO66 RA delay distribution (Sj=0.3 packet/slot)
3 .3 .5  C o n c lu s io n
T h e  p e rfo rm a n c e  o f  th e  S -A L O H A  R A C H  in  th e  p rac tica l sa te llite  en v iro n m en t is 
u n a c c e p tab le  b e c a u se  th e  lo ss  p ro b ab ility  is m o re  th an  10%  ev en  fo r  lo w  channe l load . 
U s in g  th e  G C T  approach , the channel perform ance can be significantly im proved. T he  
p ro p o sed  P B F A  approach  based  on  the G C T  approach  can  fu rther im prove the  delay 
perfo rm ance fo r  th e  delay sensitive packets even  w hen  the channel load  is high. T h e  P B F A  
schem e is thus useful in  satellite system s w here  the  p ropagation  delay is long. Additionally, 
the  tim e cap tu re  effect can  be  utilized to  im prove the R A C H  perform ance. T h e  h ig h e r th e  
ch a n n e l lo ad , th e  m o re  th e  th ro u g h p u t im p ro v e m e n t d u e  to  th e  tim e  c a p tu re  e ffec t.
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3.4 SUMMARY
In  th is  ch a p te r , a  sa te llite  n e tw o rk  a rch itec tu re  is p ro p o se d  to  ta c k le  th e  p ro b lem s 
a sso c ia te d  w ith  th e  sa te llite  m o v em en t. D e s ig n a ted  E S C s a re  re sp o n sib le  fo r  th e  
sa te llite  re so u rc e  m an ag em en t w h en  th e  co n c e rn e d  sa te llite  is v isib le. T h e  re so u rc e  
c o n tro l fu n c tio n  is h an d ed  o v e r  b e tw een  E S C s as the  sa te llite  m o v es. W ith  th is 
n e tw o rk  a rc h ite c tu re , th e  sa te llite  c o m m o n  signalling  channels a re  h a n d le d  by  only  one  
E S C . T h u s  th e  ch an n e l re so u rce  u tiliza tio n  is e ffic ien t.
In  S -P C N , th e  G S M  log ica l s ignalling  channel c o n c e p t is reu sed . P o ss ib le  p ro b lem s 
re la te d  w ith  reu s in g  th e  G S M  physica l lay e r in  th e  L E O 66 an d  th e  IC O  10 system s 
h av e  b een  iden tified . W e  p ro p o se  th e  physica l lay e r co n fig u ra tio n  ta ilo re d  fo r  the  
sa te llite  a ir- in te rface  o f  th ese  tw o  sy stem s.
F inally , w e  h av e  in v es tig a ted  th e  S -A L O H A  R A C H  p erfo rm an ce . T h e  G C T  schem e 
has b e e n  exam ined . T h e  resu lts  sh o w  th a t it  h as  th e  p o ten tia l to  c o u n te ra c t th e  channel 
fad in g  e ffec t. T h e  th ro u g h p u t, de lay  and  p a c k e t lo ss p robab ility  o f  th e  G C T  ap p ro ach  
o u tp e rfo rm  th o se  o f  th e  S -A L O H A  p ro to c o l in th e  p rac tica l fad in g  en v iro n m en t. T o  
fu r th e r  im p ro v e  th e  delay  p e rfo rm a n c e  fo r  th e  delay -sensitive  R A  p a c k e ts , a  no v e l 
p rio rity -b a se d  ra n d o m  access  (P B F A ) sch em e b ased  on  th e  G C T  a p p ro a c h  is 
p ro p o sed . T h e  P B F A  ap p ro ach  fu r th e r  im p ro v es  th e  delay  p e rfo rm a n c e  o f  th e  ca ll s e t­
u p  re la te d  ra n d o m  access p a c k e ts  c o m p a re d  to  th e  G C T  ap p ro ach . T h e  p e rfo rm an ce  
im p ro v em en t is a t th e  p rice  o f  th e  tran sm issio n  red u n d an cy . T o  o b ta in  th e  eq u iv a len t 
th ro u g h p u t p e rfo rm an ce  as th a t o f  the  G C T  ap p ro ach , the  in c rea sed  ch an n e l lo ad  can  
b e  b a lan ced  by  red u c in g  th e  channe l lo ad  g e n e ra te d  by  the  lo ca tio n  u p d a tin g  accesses . 
T h is  can  b e  rea lized  by  increasin g  th e  len g th  o f  th e  co llision  tim er fo r  th e  slow  access 
p a c k e ts .
M o re o v e r  th e  channe l th ro u g h p u t can  b e  im p ro v ed  by  exp lo itin g  th e  tim e  c a p tu re  
effec t. In  fac t, as fa r  as th e  tim e  c a p tu re  e ffec t is co n cern ed , a  la rg e  G P  in a  SB 
c o v e ra g e  c an  b e  ad v an tag eo u s  fo r  im p ro v in g  th e  R A C H  p erfo rm an ce .
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C h a p t e r  4  
M o b i l i t y  M a n a g e m e n t  S i g n a l l i n g  P e r f o r m a n c e
The guaranteed coverage area approach in which satellite dynamics 
does not affect the mobile location update signalling load is selected to 
perforin mobility management in the S-PCNs. The optimum size o f  the 
GCA is determined fo r  ICOIO and L E 066 systems. This chapter deals 
mainly with the evaluation o f paging channel performance which is 
affected by the satellite dynamics. We compare the one-step and two-step 
paging schemes to show the trade-off between the paging delay and. 
signalling load. To counteract the channel fading effect, a user assisted 
paging method is proposed. The performance o f a satellite diversity 
based paging approach is evaluated and compared with other paging 
techniques.
4.1 MOBILITY MANAGEMENT
U se r  m o b ility  m an ag em en t in th e  se c o n d  g en e ra tio n  ce llu la r m ob ile  sy stem s is re a liz e d  by 
tw o  s ig n a llin g  p ro c e d u re s  a t th e  ra d io  in te rface , i.e ., lo ca tio n  u p d a tin g  an d  p ag in g .
4 .1 .1  G S M  M o b ility  M a n a g e m e n t  F u n c tio n
In  th e  G S M  sy stem  [M O U 9 4 ], each  M o b ile  se rv ice  S w itch in g  C e n te r  (M S C ) is a s so c ia te d  
w ith  a  lo ca tio n  a rea  (L A ). A  m o b ile  in itia te s  lo ca tio n  u p d a tin g  signalling  p ro c e d u re s  w h en  it 
e n te rs  a  new  L A , th e re fo re , th e  n e tw o rk  can  effec tively  d e liv er th e  m ob ile  te rm in a te d  calls. 
T o  a c c e p t th e  reg is tra tio n  re q u e s t fro m  a  n ew  u se r , a  M S C  and  its a sso c ia te d  V is ito r  
L o c a tio n  R e g is te r  (V L R ) in te rro g a te s  th e  m o b ile ’s H o m e  L o c a tio n  R e g is te r  (H L R ). T h e  
H L R  d e te rm in es  w h e th e r to  a c c e p t th e  m o b ile ’s reg is tra tio n  in th e  n ew  M S C /V L R  by 
c h eck in g  any  su b sc rip tio n  c o n stra in ts  fo r  th e  u se r. I f  th e  re su lt o f  th is  p ro c e d u re  is p o s itiv e , 
th e  H L R  w ill u p d a te  its  d a ta b a se  an d  in fo rm  a n ew  M S C /V L R  to  a c c e p t th e  re g is tra tio n  
re q u e s t. A t th e  sam e  tim e , th e  H L R  w ill can ce l th e  m o b ile ’s re g is tra tio n  w ith  th e  o ld  
M S C /V L R .
W h en  an  in co m in g  call is d e liv e red  to  a  G a tew ay  M S C  (G M S C ), th e  ad d re ss  o f  th e  v isiting  
M S C /V L R  can  b e  o b ta in e d  by  in te rro g a tin g  th e  H L R . T h e  call is th en  ro u te d  to  th e  v isiting  
M S C /V L R  fro m  th e  G M S C . T h e  m ob ile  is n o tified  by  th e  M S C , v ia  a  p ag in g  channel 
(P G C H ). W h e n  a  m o b ile  en te rs  a  n ew  lo ca tio n  a re a  w h o se  iden tity  (L A I) is o b ta in e d  v ia  the  
B C C H , it sen d s lo ca tio n  u p d a tin g  s ig n a llin g  to  the  v is itin g  M S C  w h ich  s to re s  th e  L A I in  th e  
V L R . R ece iv in g  a m o b ile  te rm in a te d  call, th e  v isiting  M S C  e x tra c ts  th e  L A I fro m  th e  V L R . 
T h e  p a g in g  signalling  is b ro a d c a s t in th e  a rea  iden tified  by th e  L A I, k n o w  as p a g in g  a re a  
(P A ), v ia  an  a sso c ia te d  B S .
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T h e  c ritica l ta sk  in  th e  m ob ile  sy stem  d esign  is to  find  an o p tim u m  P A  size  w h ich  a llo w s to  
b a lan ce  th e  p ag in g  signalling  lo ad  (w h ich  in c rease  w hen  a  P A  in c ludes m o re  ce lls) and  
lo ca tio n  u p d a te  s ig n a llin g  lo ad  (w h ich  in c reases  w h en  a  P A  in c lu d es less ce lls).
4 .1 .2  S -P C N s  M o b ility  M a n a g e m e n t F u n c tio n
In  n o n -G E O  sa te llite  m ob ile  system s, th e  m obility  m an ag em en t b eco m es m o re  co m p lex  d u e  
to  th e  d ynam ic  m o v em en t o f  th e  sate llites . O bv iously , th e  ce ll-b ased  lo c a tio n  a re a  c o n c e p t 
u se d  in  th e  G S M  sy stem  is n o t app licab le  fo r  th e  S -P C N s. A  n u m b er o f  lo ca tio n  u p d a tin g  
m e th o d s  h av e  b e e n  p ro p o se d  in  re c e n t re sea rch  to  c o p e  w ith  sa te llite  d y n am ics  [S A I15]:
1. G u a ra n te e d  C o v e rag e  A re a  (G C A ) ap p ro ach ; and
2. T e rm in a l p o s itio n  b a se d  (T P B ) app roach .
T h e  te rm in a l p o s itio n  b ased  a p p ro a c h  req u ires  th e  m obile  te rm ina ls to  h av e  p o sitio n in g  
capab ility  (e .g . G P S -G lo b a l P o s itio n in g  S ystem ). I f  a  m o b ile ’s trav e lin g  d is tan ce  since  its 
la s t lo ca tio n  u p d a te  ex ceed s a th re sh o ld  (cltht), it sh o u ld  in itia te  th e  lo ca tio n  u p d a tin g  
p ro c e d u re . D iffe ren t trav e lin g  th re sh o ld s  a re  b ro a d c a s t v ia  th e  B C C H  to  a c c o m m o d a te  
d iffe ren t u se r  m obility  c lasses. T h e  T P B  ap p ro ach  is n o t co n sid e red  h e re  as th e  p o sitio n in g  
re q u ire m e n t w ill im p o se  an  add itio n a l co m p lex ity  to  th e  term inals.
Figure 4-1 Guaranteed coverage area in S-PCNs
T h e  G C A  is d e fin ed  as th e  fixed  g eo g rap h ica l a rea  a ro u n d  an  sa te llite  m o b ile  se rv ice  c e n te r  
(S M S C ) w h e re  th e  co v e ra g e  is g u a ran teed  b y  th e  c o n n e c te d  E S C s a t any  tim e  (F ig u r e  4 - 1 ) .  
T h e  L A  id en tity  (L A I) is b ro a d c a s t o v e r  th e  c o v e rag e  a rea  v ia  th e  B C C H s o f  th e  sp o t 
beam s (S B ) (possib ly  fro m  m o re  th an  o n e  sa te llite ) w h ich  o v erlap  th e  G C A . T h e  m obiles 
w ill n o t in itia te  a  lo ca tio n  u p d a tin g  un til a  new  L A I is rece iv ed  th ro u g h  th e  se le c te d  sa te llite  
(w ith  b e s t visib ility). T h e  G C A  a p p ro a c h  ex c lu d es th e  e ffec t o f  sa te llite  d ynam ics in  th e
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lo ca tio n  u p d a tin g  p ro c e d u re . T h e re fo re , th e  lo ca tio n  u p d a tin g  ra te  only  d ep en d s  on  th e  size  
o f  th e  c o v e ra g e  a re a  and  th e  v e loc ity  o f  th e  m obiles. T h e  G C A  is th u s  sim ilar to  th e  L A  
d efin ed  in th e  G S M  system . H e n c e  th e  m obility  m odel [M O H 94] g iven  fo r  ce llu la r m ob ile  
sy stem s can  b e  re u se d  here in . A ssu m in g  th a t th e  m obile  u sers  are  un ifo rm ly  p o p u la te d  w ith  
a  d en sity  o f  p (u se r/k m 2) an d  th e  c o v e ra g e  a rea  b o u n d ary  has a  len g th  o f  L , th e  b o u n d ary  
c ro ss in g  ra te  - B C R  (c ro ss in g /seco n d ) is g iv en  by
B C R  =  + +  (4 .1 )
K
w h e re  v (k m /seco n d ) is th e  m ob ile  velocity . I f  th e re  a re  W  u se rs  in  a G C A  w ith  rad iu s  o f  r, 
th e  B C R  is in v e rse ly  p ro p o rtio n a l to  th e  rad iu s  o f  co v erag e
B C R  =  (4 .2 )
n r
A  m o b ile  m ay  re s id e  an y w h ere  w ith in  a  g iven  G C A  w hich  is th e  sam e  as th e  L A  w h en  a 
m o b ile  te rm in a ted  ca ll is in itia ted . I f  th e  tim e  in te rv a l b e tw een  th e  la s t lo ca tio n  u p d a tin g  an d
th e  in co m in g  call arrival is sh o rt, th e  p o s itio n  u n certa in ty  can  b e  d e te rm in ed  by  tak in g  o th e r
in fo rm atio n , su ch  as th e  m o b ile ’s m obility  c lass, in to  acco u n t. S ince  th e  sa te llite  m o v em en t 
is p red ic tab le , th e  p ag in g  a re a  in  te rm s o f  p ag in g  sa te llite /S B s can  be  d e te rm in ed . W h en  th e  
tim e  s tam p  is invalid , th e  w h o le  G C A  h as to  b e  p ag ed . T h e  la rg e r th e  c o v e ra g e  rad iu s (r ) , 
th e  m o re  th e  cells (S B ) h av e  to  b e  p a g e d . T h e  P A  size  in te rm s o f  p ag in g  sa te llite /S B s will 
b e  d iffe re n t at d iffe ren t la titu d es  fo r  d iffe ren t conste lla tio n s.
A  stu d y  o f  th e  sa te llite  co n ste lla tio n  an d  SB  co n fig u ra tio n  p e rfo rm e d  w ith in  th e  re sea rch  
g ro u p  a t U n iv ersity  o f  S u rrey  ([S A M 9 4 ] and  [S A I1 5 ]) has g iven th e  n u m b e r o f  S B s p a g e d  
fo r  d iffe ren t c o v e ra g e  rad iu s  (r) . T h is  p ro v id es  a basis  on  w hich  th e  o p tim u m  G C A  size  can  
b e  fo u n d . T h e  fo llo w in g  assu m p tio n s h av e  b een  m ad e  in  p erfo rm in g  th e  analysis:
•  2 0 0 ,0 0 0  ac tiv e  u se rs  re s id e  in  a G C A  fo r  IC O  10 an d  L E 0 6 6 ;
•  A v e rag e  m o b ile  v e lo c ity  is 90  km /h ;
•  T h e  m o b ile  te rm in a ted  call arriva l ra te  is 0 .7  ca ll/sec  w hich  is o n e  th ird  o f  th e  tra ffic  lo ad  
(425  E rlan g s  an d  3 m in u tes  o f  ca ll h o ld in g  tim e).
T h e  p a g in g  an d  lo ca tio n  u p d a tin g  signalling  lo ad  g en e ra ted  w ith in  a  G C A  (5 0 ° la titu d e ) 
v e rsu s  th e  c o v e ra g e  rad iu s (r)  is p lo tte d  in  F ig u r e  4 -2 ,  4 - 3  re sp ec tiv e ly  fo r  tw o  sa te llite  
sy stem s, L E O 66 (61 S B s) an d  IC O  10 (1 6 3 S B s). T h e  o p tim u m  G C A  size , in  te rm s o f 
m in im izing  b o th  th e  lo ca tio n  u p d a tin g  an d  th e  p ag in g  signalling  lo ad , is 4001cm an d  6 0 0 k m  
fo r L E O 66 an d  IC O  10 sa te llite  sy stem s.
C o m p a rin g  th e  L E O 66 and  th e  IC O  10 sy stem s, W ith  th e  in c rease  o f  L A  size , th e  p ag in g  
signalling  lo ad  in th e  IC O  10 sy stem  has a  s lo w e r in c rease  th an  th a t in th e  L E O 66 sy stem . 
T h e re fo re , th e  la rg e r L A  can  b e  se lec ted  in th e  IC O  10 system . T h e re  is only a sligh t 
in c rea se  o f  signalling  o v e rh e a d  w h en  th e  rad iu s  o f  th e  L A  in c reased  fro m  6001cm to  
10001cm. H o w e v e r , fo r  th e  L E 0 6 6  sy stem , th e  L A  size m u st b e  care fu lly  c h o se n  as th e  
signalling  lo ad  is very  sen sitiv e  to  th e  ch an g e  o f  th e  L A  size. F o r  b o th  sy stem s, th e  rad ii o f
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L A  sm a lle r th an  4 0 0 k m  sh o u ld  b e  av o id ed  since  th e  lo ca tio n  u p d a tin g  signalling  d o m in a tes  
th e  signalling  lo ad . T h e  ab o v e  co n c lu sio n s a re  d eriv ed  b ased  on  th e  tra ffic  assu m p tio n s 
m ad e  p rev io u sly . T o  p e rfo rm  a  specific  sy stem  design , a  rea lis tic  traffic  lo a d  e s tim a tio n  is 
re q u ire d  to  f in d  th e  o p tim u m  size  o f  th e  G C A .
Location area radius (km)
Figure 4-2 Mobility signalling load vs. location area radius in LEO66 system
Location area radius (km)
Figure 4-3 Mobility signalling load vs. location area radius in ICOIO system
4.2 PAGING SCENARIOS
4 .2 .1  O n e -s te v  P a g in g
U sin g  a o n e -s te p  p ag in g  sch em e, th e  w h o le  G C A  is p a g e d  in  firs t an d  su b se q u e n t p ag in g  
step s . T h e  P G C H  p e rfo rm an ce  in te rm s o f  de lay  and  lo ad  is d e te rm in ed  m ain ly  by  th e  
channel fad in g  effec t. I t  is  w ell k n o w n  th a t th e  line o f  s ig h t (L O S ) signal is c ritica l in  S-
60
Chapter 4 M ob ility  Management Signalling Performance
P C N s an d  a  signal is d eem ed  lo s t if  it  en co u n te rs  a  sh ad o w in g  s itu a tio n . T o  p ro v id e  a  
sa tis fac to ry  p ag in g  p e rfo rm an ce , th e  m o b ile s’ c o o p e ra tio n  is very  im p o rta n t s in ce  it  is 
im p o ssib le  fo r  th e  n e tw o rk  to  k n o w  w h e th e r th e  channel is sh ad o w ed . I f  a  m o b ile  can  
alw ays se le c t a  sa te llite  w ith  b e s t v isibility  fro m  w hich  th e  L O S  signa l is availab le , th e  
p ag in g  p e rfo rm a n c e  can  b e  im p ro v e d  ev en  th o u g h  th e  e leva tion  ang le  to  th is  sa te llite  m ig h t 
b e  v e ry  low . T h e  p re req u is ite  fo r  th is m e th o d  is to  h av e  sate llite  d iv e rs ity  w h ich  ex is ts  in 
m o s t a rea s  fo r  IC O  10, b u t o n ly  a t h ig h  la titu d es  fo r  th e  L E O 66.
A s fa r  as m ob iles a re  co n ce rn ed , th e  SB  re -se lec tio n  p ro c e d u re  is d e sc rib ed  as fo llo w s. W e 
ta ilo r  th e  G S M  cell re -se lec tio n  p ro c e d u re  to  c o p e  w ith  th e  specific  lin k  fe a tu re s  o f  th e  S- 
P C N s. L e t u s  s ta r t  w ith  a  m ob ile  b e in g  in  g o o d  visibility to  a  sa te llite . F ro m  th e  cu rren tly  
m o n ito re d  B C C H , a  lis t o f  b ea c o n  freq u en c ies  is b ro a d c a s t ind ica ting  w h e re  to  lo o k  fo r  th e  
b ea c o n  chan n els  o f  th e  n e ig h b o rin g  S B s. A s so o n  as th e  L O S  signal fro m  th e  c u rre n t 
m o n ito re d  sa te llite  is lo st, th e  m ob ile  m u s t lo c a te  th e  b eaco n  ch an n e ls  in th o se  S B s fro m  
o th e r  sa te llite s  in  v iew . T h e  rece iv ed  signal levels  are  m easu red  an d  th e  sa te llite  w ith  b e s t 
v isibility  is ch o sen . In  th e  n ex t s tep , th e  m ob ile  sh o u ld  o b ta in  th e  sy n ch ro n iza tio n  in  th e  
se lec ted  SB  in  o rd e r  to  d ec o d e  th e  b ro a d c a s t in fo rm atio n  ca rried  by  th e  B C C H  w hich  
re p e titio n  cycle  is fo u r  m u ltifram es (o n e  m u ltifram e is 0 .48  se c o n d  and  0 .3 2  se c o n d  fo r  
IC O  10 an d  L E O 66 sa te llite  sy stem s resp ec tiv e ly ). T h e  tran sm issio n  ra te  o f  B C C H  m essag es  
d irec tly  im p ac ts  th e  cy c le  o f  a  p ag in g  su b -g ro u p . T o  avo id  a  sy stem atic  m ask in g  o f  th e  SB  
se lec tio n  in fo rm atio n  in  B C C H  m essag es  by  a p ag in g  sub -channel, th e  cy c le  o f  a  p ag in g  
su b -g ro u p  is spec ified  by  a t le a s t tw o  m ultifram es (0 .9 6  seco n d  an d  0 .6 4  se c o n d  fo r  th e  
IC O  10 and  L E 0 6 6  resp ec tiv e ly ). T h e re fo re , a  p ag in g  channel m ay  m a sk  h a lf  o f  th e  B C C H  
m e ssa g e s  in  th e  w o rs t case .
4 . 2 . 2  T w o - s t e p  P a g i n g
N o rm ally  a  lo ca tio n  a re a  co n sis ts  o f  a  n u m b er o f  S B s. U sin g  th e  o n e -s te p  p ag in g  ap p ro ach , 
th e  e n tire  L A  is p ag ed . S in ce  a  m o b ile  only  d eco d es  th e  m essag es re ce iv ed  fro m  th e  P G C H  
o f  o n e  S B , th e  la rg e r  th e  L A , the  h ig h e r th e  w aste  o f  p ag in g  re so u rce . T o  re d u c e  th e  p ag in g  
signalling  lo ad , th u s  lead in g  to  a m o re  e ffic ien t u se  o f  channel re so u rc e s , th e  P A  w h ich  is a 
p a r t  o f  th e  G C A  m u st be  m in im ized . In  te rre s tria l ce llu lar sy stem s, in te lligen t p ag in g  
sch em es (a lso  k n o w n  as th e  tw o -s te p  p ag in g  s tra teg y ) a re  p ro p o se d . T h e  m ain  id e a  b eh in d  
th e  in te llig en t p ag in g  s tra teg y  is to  define  a  P A  u sin g  th e  p ag in g  re la te d  in fo rm atio n  (e .g ., 
re c e n t in te rac tio n  in fo rm atio n , h ig h  m obility  flags, e tc .)  [L Y B 9 5 ] o r  th e  u se r  m obility  
p ro file  [T A B 95] w h ich  reco rd s th e  m o s t p ro b ab le  m o b ility  p a tte rn s .
In  S -P C N s, it is a ssu m ed  th a t a  SB  w ith  th e  h ig h es t p robab ility  is se le c te d  as a  P A  in  th e  
firs t p a g in g  step . T h is is ach iev ed  by  im plem enting  a  sate llite  in te llig en t p ag in g  a lg o rith m  
and  u s in g  sa te llite  co n ste lla tio n  ep h em eris  as w ell as o th e r  p ag in g  re la te d  in fo rm atio n  s to re d  
in a  sa te llite  V L R  (S -V L R ). H o w e v e r, th e  accu racy  o f  a  p re d ic te d  P A  is an  u n c e rta in  
p a ra m e te r  since  it d ep en d s o n  a  n u m b er o f  u n ce rta in  fac to rs , su ch  as th e  d ynam ics o f  
co v e ra g e  o v e rla p p in g  an d  th e  u s e rs ’ m o b ility , etc .
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T h e re  a re  11 and  12 S B s co v erin g  th e  o p tim u m  G C A  o f  IC O IO  (6001cm) an d  L E 0 6 6  
(4 0 0 k m ) a t 50° a ltitu d e  sep ara te ly  [S A I1 5 ]. A  m obile  only  listens to  o n e  S B . O bv iously , th e  
p ag in g  s ig n a llin g  lo ad  can  b e  s ig n ifican tly  red u ced  u s in g  the  tw o -step  p a g in g  a p p ro a c h  if  th e  
f irs t-s te p  p ag in g  su ccess  ra te  is h igh . H o w e v e r, th e  tw o -s te p  p ag in g  sch em e  w ill in c rease  
th e  p ag in g  delay  an d  p ag in g  lo ad  in th e  c a se  th a t th e  p ag in g  fails in th e  f irs t s tep . T h is  delay  
co u ld  d e g ra d e  th e  se rv ice  quality  in  te rm s o f  call se t-u p  delay . A dd itio n a lly , if  no  p ag in g  
re sp o n se  is rece iv ed  b e fo re  th e  p ag in g  tim er ex p ires , th e  p ag in g  co m m an d  has to  b e  se n t to  
th e  e n tire  G C A  in  the  se c o n d  step .
T h e  f irs t s tep  p ag in g  su ccess  ra te  d ep en d s  n o t on ly  on  th e  accu racy  o f  th e  p re d ic te d  firs t- 
s tep  p a g in g  a re a  (A F S P ) b u t a lso  on  th e  sa te llite  channel co n d itio n . F o r  a  g iven  A F S P , 
im p ro v in g  th e  cap ab ility  o f  co u n te rac tin g  th e  ch an n e l fad in g  e ffec t, e sp ec ia lly  th e  sh ad o w in g  
effec t, w ill in c rea se  the  p a g in g  su ccess  ra te . T h e re fo re , it can  b e  en v isag ed  th a t th e  firs t s tep  
p ag in g  su ccess  ra te  is th e  k ey  p a ra m e te r  a ffec ting  th e  p ag ing  delay  an d  signalling  lo ad . T o  
in c rea se  th e  f irs t-s te p  su ccess  ra te  by c o u n te ra c tin g  th e  channel fad in g  e ffec t, w e  p ro p o s e  a 
sa te llite  d iv e rs ity  b ased  p ag in g  schem e.
U sin g  th e  sa te llite  d iversity  b a se d  p ag in g  ap p ro ach , tw o  S B s, e a c h  fro m  o n e  o f  tw o  
d iv e rs ity  sa te llites , a re  ch o sen  to  issu e  th e  p ag in g  co m m an d  in th e  f irs t p a g in g  s tep . T h e  
sa te llite  d iversity  b ased  p ag in g  is th e  sam e c o n c e p t as th e  u se r  a ss is ted  p ag in g  a p p ro a c h  
d isc u sse d  in  th e  sec tio n  on  th e  o n e -s tep  p ag in g  schem e. T h e  only  d iffe ren ce  is th a t only  tw o  
S B s ra th e r  th an  th e  w h o le  G C A  are  p a g e d  in  th e  f irs t p ag in g  s tep . B e c a u se  th e  availability  
o f  L O S  signal is im p ro v ed  w ith  u se r  ass is tan ce , th e  firs t-s tep  p ag in g  su ccess  ra te  can  be 
inc reased .
4.3 PGCH PERFORMANCE
T h e  p e rfo rm a n c e  o f  sa te llite  d iversity  b ased  and  tw o -s te p  (w ith o u t u se r  a ss is tan ce ) p ag in g  
sch em es a re  e v a lu a ted  and  c o m p a re d  w ith  th e  o n e -s te p  p ag in g  sch em es (w ith  an d  w ith o u t 
u se r  a ss is tan ce ).
T h e  im p ac ts  o f  th e  ch an n e l fa d in g  e ffec ts , th e  p ag in g  tim er and  th e  delay  o f  p ag in g  re sp o n se  
h av e  b e e n  co n s id e re d  in th e  sim u la tion . T h e  channel fad ing  affec ts b o th  th e  P G C H  lo a d  and  
th e  p a g in g  delay . T h e  p ag in g  tim er w ill in fluence  th e  p ag in g  delay. T h e  delay  o f  th e  p ag in g  
re sp o n se  p a c k e t affec ts  th e  P G C H  load . I f  a  m obile  rece iv es  a  p a g in g  co m m an d  b u t th e  
p a g in g  re sp o n se  is n o t rece iv ed  w ith in  a  cycle  o f  p ag in g  su b -g ro u p , th e  p ag in g  c o m m an d  
w ill b e  re -tra n sm itte d  o v e r th e  w h o le  G C A . T h e  p ag in g  re sp o n se  is tra n sm itte d  th ro u g h  th e  
ra n d o m  access  channe l (R A C H ) an d  th e  access  delay  can  b e  v e iy  lo n g  if  c o n se c u tiv e  re ­
tran sm iss io n s  a re  in cu rred . In  C h a p te r  3 w e  have  p ro p o se d  th e  P B F A  a p p ro a c h  w hich  
im p ro v es  th e  delay  p e rfo rm a n c e  o f  de lay -sen sitiv e  p a c k e ts  inc lud ing  th e  p a g in g  re sp o n se . 
T h e  re su lts  a re  in c lu d ed  in  th e  p ag in g  p e rfo rm an ce  sim ula tion  in o rd e r  to  e v a lu a te  th e  e ffe c t 
o f  th e  p a g in g  re sp o n se  d e lay  on  th e  P G C H  load .
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4 . 3 . 1  A s s u m p t i o n s
In  th e  P G C H  p e rfo rm a n c e  s im u la tio n , th e  fo llo w in g  p a ram ete rs  h av e  b een  assum ed :
•  T h e  m o b ile  te rm in a ted  ca ll a rriv a l ra te  is 0 .7  pag e /sec ;
•  A  p ag in g  p a c k e t tra n sm itte d  o v e r  th e  sa te llite  P G C H  co n ta in s  18 o c te ts  o f  in fo rm atio n  
an d  32  o v e rh e a d  b its . (2 ,1 ,7 ) c o n v o lu tio n  co d in g  sch em e  is u sed ;
•  P a g in g  tran sm iss io n  tim e  is 6 .4 m s (3 2 0 b its /5 0 k b p s);
•  T h e  ch an n e l fad in g  p a ram ete rs  are  g iven  in  T a b le  2 -2 ;
•  T a b le  4 - 1  lis ts  p a ram e te rs  w h ich  are  d iffe re n t fo r  L E 0 6 6  an d  IC O  10 sa te llite s .
L E 0 6 6 ICO 10
Cycle o f paging sub-group(sec) 0 .64-2 .881 0.96-4.32
Free space propagation delay (ms) 2.6- 8.2 34.5-48
M ean paging response delay - city 
environm ent (sec)
0.41 0.52
Table 4-1 Simulation parameters fo r  different satellite constellations
4 . 3 . 2  S i m u l a t i o n  R e s u l t s  a n d  D i s c u s s i o n s
4.3.2.1 One-step Paging Signalling Performance
T h e  p ag in g  p e rfo rm a n c e  o f  th e  o n e -s tep  p ag in g  a p p ro ach  has been  e v a lu a ted  th ro u g h  
sim u la tio n . T h e  resu lts  p re se n te d  in T a b le  4 - 2  sh o w  th a t u se r  a ss is ted  p a g in g  is very  u sefu l 
in th e  c ity  en v iro n m en t if  sa te llite  d iversity  is p ro v id ed . B o th  p ag in g  delay  and  lo ad  are  
sign ifican tly  re d u c e d  fo r  th e  IC O  10 system . F o r  th e  L E O 66 sy stem , th e  p a g in g  delay  
im p ro v e m e n t is n o t s ign ifican t u sin g  th e  u se r  a ss is ted  p ag in g  sch em e, w h e reas  th e  h igh  
p a g in g  lo ad  c a u se d  by th e  h ig h  den sity  o f  sa te llite  c o v e rag e  o v e rlap p in g  a t h igh  la titu d e  can  
b e  re d u c e d  to  so m e  ex ten t. In tu itiv e ly , th e  p a g in g  delay  in th e  IC O  10 sy s tem  sh o u ld  be 
lo n g e r th an  th a t in th e  L E O 66 sy stem  d u e  to  th e  lo n g e r p ro p a g a tio n  delay  o f  M E O  
sa te llites . H o w e v e r , s ince  th e  sa te llite  d iversity  is p ro v id ed  w ith  IC O  10 co n ste lla tio n , th e  
p a g in g  delay  in  IC O  10 sy stem  b eco m es 2 0 0 m s sh o rte r  than  th a t in th e  L E O 66 sy s tem  w hen  
th e  u se r  a ss is ted  p ag in g  sch em e  is adop ted .
LEO 66 IC O 10
city highway city highway
PG C H  bit rate 0.5 kbits 0.333 kbits
paging with user assistance
PG C H  load (kbits) 8.9 3.37 5 3
Delay (sec) 1.05 0.06 0.8 0.158
paging w ithout user assistance
PG C H  load (kbits) 11.74 3.81 6.85 3.21
Delay (sec) 1.17 0.15 1 .21 0.21
Table 4-2 PGCH performance fo r  one-step paging strategy
1 The cycle of paging sub-group can be 2-9 multiframes in GSM [MOU94].
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W e  also  o b se rv e d  th a t th e re  is little  p e rfo rm a n c e  im p ro v em en t fo r  p a g in g  sch em e  w ith  u se r 
ass is tan ce  c o m p a re d  to  th o se  w ith o u t u se r  a ss is tan ce  if  u se rs  a re  in  th e  h ighw ay  
en v iro n m en t.
4 .3 .2 .2  T w o - s te p  P a g i n g  S i g n a l l i n g  P e r f o r m a n c e
In  th is sec tio n , th e  ev a lu tio n  o f  tw o -s te p  p ag in g  signalling  p e rfo rm an ce  is p e rfo rm e d  in  th e  
c ity  en v iro n m en t. F o r  th e  IC O  10, th e  sa te llite  d iversity  b ased  p ag in g  sch em e  ( F ig u r e  4 - 4 ) 
exh ib its  b e tte r  p ag in g  delay  p e rfo rm a n c e  th an  th a t o f  th e  tw o -s te p  p a g in g  sch em e  (w ith o u t 
u se r  a ss is tan ce ). T h e  p a g in g  d e lay  re d u c tio n  is ab o u t 215m s. W ith  th e  in c re a se  o f  th e  A F S P , 
th e  p a g in g  delay  o f  th e  sa te llite  d iversity  b a se d  p ag in g  schem e is co m p arab le  to  th a t o f  the  
o n e -s tep  p ag in g  schem e.
AFSP
Figure 4-4 Paging delay vs. AFSP (ICO 10)
F o r  th e  L E O 66 , in  c o m p a riso n  w ith  th e  tw o -s tep  p ag in g  sch em e , th e  p a g in g  delay  re d u c tio n  
du e  to  th e  sa te llite  d iversity  p ag in g  sch em e  is h ig h er a t low  A F S P  th an  a t h ig h  A F S P  
(F ig u r e  4 - 5 ) .  T h is  is b e c a u se  th e  L E O 66 co n ste lla tio n  d o es  n o t p ro v id e  sa te llite  d iversity  
fea tu re . F o r  areas o f  4 0 ° -5 0 °  la titu d e , th e  e lev a tio n  angle  to  th e  se c o n d  b e s t v isib le  sa te llite  
is lo w e r th an  th a t in  th e  IC O  10 co n ste lla tio n . T h e re fo re  th e  sa te llite  d iv ers ity  p a g in g  sch em e 
is less e ffec tiv e  to  c o u n te ra c t th e  sh ad o w in g  e ffec t fo r  th e  L E O 66 sy s tem  th an  fo r  the  
IC O  10. W h e n  th e  A F S P  is lo w , th e  f irs t-s te p  p ag in g  success ra te  is a lso  low . C o n seq u en tly , 
th e  sa te llite  d iversity  p ag in g  can  in crease  th e  firs t s tep  p ag in g  su ccess  ra te , h en ce  red u c in g  
th e  p a g in g  delay . W ith  th e  in c rease  o f  A F S P , th e  firs t s tep  p ag in g  su ccess  ra te  inc reases . 
T h e re fo re  th e  im p ro v e m e n t d u e  to  th e  u se r  a ss is tan ce  p ag in g  sch em e  d im in ish es .
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AFSP
Figure 4-5 Paging delay vs. AFSP (LE066)
T o  sav e  m ob iles p o w e r, p ag in g  su b -g ro u p s  a re  a d o p te d  in  th e  G S M  sy stem . T h e  lo n g  cycle  
o f  a  p a g in g  su b -g ro u p  is p re fe rred  as fa r as th e  p o w e r  sav ing  is c o n ce rn ed . I ts  d isad v an tag e  
is an in c rea sed  p ag in g  delay . N ev e rth e le ss , th e  sa te llite  d iversity  b a se d  p ag in g  sch em e  can  
be  a d o p te d  to  im p ro v e  th e  delay  p e rfo rm a n c e  w h en  the  cycle  o f  a  p a g in g  su b -g ro u p  is 
in c rea sed  (F ig u r e  4 -6 ,  I C O I O ) .  F o r  th e  L E O 66 con ste lla tio n , sa te llite  d iversity  p ag in g  
sch em e  can  n o t p ro v id e  s ig n ifican t de lay  red u c tio n  w h en  A F S P  is h igh .
The cycle of paging sub-group (second)
Figure 4-6 Paging delay vs, the cycle o f paging sub-group (ICOIO, AFSP=0.9)
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AFSP
Figure 4-7 PGCH load vs. AFSP (ICOIO)
AFSP
Figure 4-8 PGCH load vs. AFSP (LE066)
T h e  o n e -s te p  p a g in g  sch em e  g u a ran tees  the  sh o rte s t p ag in g  delay  (T ab le  4 -2 ) as th e re  is no  
u n ce rta in ty  a b o u t th e  p ag in g  area . W ith  h igh  A F S P  (9 0 % ), th e  p ag in g  de lay  o f  th e  sa te llite  
d iversity  b a se d  p ag in g  sch em e is sligh tly  h ig h e r (0 .0 8 6  seco n d ) th an  th a t o f  th e  o n e -s te p  
u se r  a ss is ted  p ag in g  schem e. C o m p a re d  to  th e  o n e -s tep  p ag in g  s tra te g y , th e  tw o -s te p  
p a g in g  sch em es g en era te  m u ch  less p ag in g  load , e sp ec ia lly  w h en  th e  A F S P  is h igh  ( T a b le  4 -  
2 ,  F ig u r e  4 - 7 ) .  T h e  sav in g  o f  th e  p ag in g  signalling  is m o re  th an  3 5 %  in  IC O IO  sy stem s. F o r  
th e  L E O 66 sa te llite  ( T a b le  4 - 2 ,  F ig u r e  4 - 8 ) ,  th e  sa te llite  d iversity  b a se d  p ag in g  sch em e  can  
a lso  p ro v id e  2 3 %  s ig n a llin g  sav in g  c o m p a re d  to  th e  u se r  a ss is ted  o n e -s tep  p ag in g  sch em e .
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In  co m p a riso n  w ith  th e  tw o -s te p  p ag in g  schem e, th e  p ag in g  lo a d  re d u c tio n  d u e  to  th e  
sa te llite  d iv ers ity  p ag in g  sch em e  is sligh tly  h ig h e r a t lo w  A F S P  th an  th a t  a t h igh  A F S P  
(F ig u r e  4 - 7 ,  4 - 8 ) .  T h is  is b ecau se  th e  channel fad in g  effec ts  b eco m e  th e  critica l fa c to r  in 
de te rm in in g  th e  P G C H  p e rfo rm a n c e  w h en  th e  A F S P  is low . T h e  sa te llite  d iversity  b a se d  
p a g in g  sch em e  is d e s ig n ed  to  c o u n te ra c t th e  sh ad o w in g  effec t. T h e re fo re , th e  firs t s tep  
p a g in g  su ccess  ra te  is a ttr ib u te d  m ainly  to  th e  sa te llite  d iversity  ra th e r  th an  th e  A F S P . W ith  
the  in c re a se  o f  th e  firs t-s tep  p a g in g  su ccess  ra te , th e  p robab ility  o f  p ag in g  re -tran sm iss io n  in 
th e  w h o le  G C A  can  b e  re d u c e d . T h is  leads to  th e  red u c tio n  o f  th e  p a g in g  load . T h e re fo re  
w e  can  co n c lu d e d  th a t th e  sa te llite  d ivers ity  p ag in g  sch em e  g en e ra te s  less p ag in g  lo a d  w h en  
A F S P  is low .
4,4 SUMMARY
In  th is  ch a p te r , th e  G S M  m obility  m an ag em en t signalling  p ro c e d u re s  [M O U 9 4 ] an d  sa te llite  
m ob ility  m an ag em en t ap p ro ach es  p ro p o se d  in  th e  S A IN T  p ro je c t [S A I1 5 ] w e re  rev iew ed . 
T h e  g u a ra n te e d  co v e ra g e  a re a  a p p ro a c h  w as a p re fe rred  o p tio n  co n sid e rin g  th e  fo llo w in g  
th ree  a d v an tag es , a) it inherits  th e  G S M  m obility  m an ag em en t ap p ro a c h , b ) th e  m obile  
lo c a tio n  u p d a tin g  ra te  is n o t a ffec ted  by  th e  sa te llite  dynam ics, an d  c) p o s itio n in g  is n o t a  
re q u ire m e n t fo r  th e  m obiles. T h e  size  o f  G C A  in IC O  10 and  L E O 66 h as  b een  o p tim ized  by 
m in im iz in g  b o th  th e  lo ca tio n  u p d a tin g  and  p ag in g  signalling .
T h e  sa te llite  m obility  in  th e  G C A  ap p ro ach  is m an ag ed  by th e  n e tw o rk . T h e  sa te llite  
dynam ics an d  c o v e rag e  o v erlap  a re  sh o w n  to  b e  th e  c au se  o f  th e  P G C H  lo ad  p ro b lem  w hen  
u sin g  th e  o n e -s te p  p ag in g  a p p ro ach . In  th is  ch ap te r , w e  a lso  in v es tig a ted  a  n u m b er o f  
p ag in g  schem es: nam ely  th e  co n v en tio n a l o n e -s tep  p ag in g  and  th e  tw o -s te p  p ag in g  
ap p ro a c h e s . T h e  c o rre sp o n d in g  P G C H  p e rfo rm a n c e  w as ev a lu a ted . T o  re d u c e  th e  channel 
fad in g  e ffec t, a  u se r  a ss is ted  p a g in g  ap p ro ach  w as p ro p o se d  fo r  b o th  th e  o n e -s te p  an d  th e  
tw o -s te p  p ag in g  schem es. T h e  sim u la tio n  re su lts  sh o w  th a t th e  sa te llite  d iversity  b a sed  
p a g in g  a p p ro ach  can  s ig n ifican tly  red u ce  th e  p ag in g  de lay  and  th e  P G C H  load .
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C h a p t e r  5  
E v a l u a t i o n  o f  c a l l  S e t - u p  s i g n a l l i n g  
p e r f o r m a n c e
In this chapter, we evaluate the performance o f the call set-up 
signalling procedure at the satellite air-inteiface. The work is 
focused on the study o f the data link layer protocols used on 
DCCH. The call set-up delay peiformance o f reusing the GSM 
LAPDm protocols is examined. The modified Go-Back-N and 
Selective Re-transmission ARQ protocols are proposed fo r  the 
satellite DCCH data link layer control. The call set-up delay and 
the DCCH signalling load fo r  a given traffic load is examined fo r  
both the LE066 and the ICOIO satellites. These performance 
parameters are important in the system design.
5-1 GSM LINK LAYER PROTOCOL
In  th e  G S M  sy stem , th e  link  access  p ro to c o l (L A P ) fo r  th e  D  channel (L A P D ) an d  fo r  
th e  D m 1 ch an n e l (L A P D m ) are  u se d  a t th e  A -b is in te rface  an d  th e  ra d io  in te rface  
re sp ec tiv e ly  ([G S M 0 4 .0 5 ,0 6 ]) . T h e  lay e r 2  o f  th e  m essag e  tra n sfe r  p a r t  (M T P 2 ) is 
u se d  fo r  th e  re s t  o f  th e  n e tw o rk  in te rfaces . A ll o f  th e  th ree  p ro to c o ls  a re  d e riv ed  fro m  
th e  h ig h  lev e l d a ta  lin k  co n tro l (H D L C  [B U X 8 0 ]) sch em e  w ith  m in o r  d iffe ren ces.
T h e  p rim e  fu n c tio n a lity  o f  a  link  lay e r is to  s tru c tu re  th e  in fo rm atio n  in  th e  fram e 
b lo ck s  th a t a re  th e  b asic  u n its  to  b e  tra n sm itte d  o n  th e  channel. In  H D L C , th e  fram e 
d e lim ita tio n  is p ro v id e d  by  flags a t th e  s ta r t an d  th e  en d  o f  a  fram e  (F ig u r e  5 - 1 ) .  T h is  
is th e  c a se  in  th e  L A P D  an d  th e  M T P 2 . In  th e  L A P D m , th e  flags can  b e  e lim in a ted  d u e  
to  th e  tra n sm iss io n  c o n stra in ts  im p o sed  b y  th e  p h y sica l lay e r o f  th e  ra d io  in te rface . T h e  
le n g th  o f  a  fra m e  b lo c k  a t th e  rad io  in te rface  is lim ited  to  2 3 -o c te ts  inc lu d in g  th e  fram e 
co n tro l. H ig h e r lay e r m essag es  th a t a re  lo n g e r th a n  th is  h av e  to  b e  se g m e n te d  b e fo re  
tran sm iss io n . T h e  seg m en ta tio n  fu n c tio n  is p ro v id e d  by  th e  link  layer. D u e  to  th e  h igh  
ca p a c ity  o f  th e  n e tw o rk  links, th e  fram e  len g th s  o f  th e  L A P D  an d  th e  M T P 2  a re  u p  to  
2 6 0 -o c te ts  o f  th e  u p p e r  lay e r in fo rm atio n . T h e  seg m en ta tio n  an d  re -assem bly  
m ech an ism  a re  n o t n ecessa ry  fo r  th e  signalling  ex ch an g ed  b e tw e e n  n e tw o rk  en tities  
b e c a u se  m o s t o f  th e m  ca n  b e  a c c o m m o d a ted  in  o n e  fram e  b lock .
A s fa r  as e r ro r  d e te c tio n  is c o n ce rn ed , b o th  L A P D  and  M T P 2  a d o p t th e  H D L C  
sch em e  u s in g  re d u n d a n t b its  to  ch e c k  th e  resid u a l e rro rs  in a  fram e. T h e  L A P D m  d o es  
n o t  p ro v id e  th is  fu n c tio n  a t th e  ra d io  in te rface . T h e  e rro r  d e te c tio n  m u s t b e  c o m b in ed
1 Dm is the collective name of all control channels at the radio interface.
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w ith  th e  b a c k w a rd  e r ro r  c o rre c tio n  (B E C ). A ll th ree  d a ta  link  p ro to c o ls  u se  the  
H D L C -lik e  B E C , d e p en d in g  o n  th e  ch o ice  o f  o p e ra tio n  m o d es, a c k n o w led g ed  and  
u n a c k n o w le d g e d . A t th e  ra d io  in te rface , b o th  o p era tio n a l m o d es a re  app licab le  to  th e  
D C C H , F A C C H  an d  S A C C H , w h ereas  th e  B C C H  an d  C C C H  w o rk  only  on  th e  
u n a c k n o w le d g e d  m o d e . In  th e  u n ack n o w le d g e d  m o d e , th e  m essag es  a re  tra n sm itte d  
on ly  o n c e  reg a rd le ss  o f  th e  tran sm issio n  resu lts . H en ce  tran sm issio n  e rro rs  a re  n o t 
c o rre c tab le  u n d e r  th is  o p e ra tio n a l m o d e . T o  im p ro v e  th e  tran sm iss io n  p e rfo rm a n c e , th e  
a c k n o w le d g m e n t m e c h a n ism  is p ro v id e d  by  th e  H D L C  p ro to co l. A t th e  ra d io  in te rface , 
th e  fo rw a rd  e rro r  co rrec tio n  (F E C ) cap ab ility  is  p ro v id e d  by  th e  p h y sica l layer.
Figure 5-1 Frame structure ofLAPD and LAPDm
T h e  fu n c tio n s  p ro v id e d  b y  th e  d a ta  lin k  la y e r in c lu d e  [G S M 04 .05 ]:
1. D isc rim in a tio n  b e tw e e n  d a ta  link  co n n ec tio n s  o f  d iffe ren t D m  ch an n e ls  by  m eans o f  
a  d a ta  link  c o n n ec tio n  id en tifie r (D L C I). (D L C I co n sis ts  o f  th e  se rv ice  access  p o in t 
id en tity  (S A P I) in th e  ad d re ss  fie ld  and  iden tity  o f  physica l ch annel. T h e  la tte r  is 
m a n a g e d  lo ca lly  in  each  e n d  sy s tem  an d  is ca rried  in  p rim itiv es  b e tw e e n  th e  la y e r s ) ;
2 . R e c o g n itio n  o f  f ra m e  typ es (In fo rm atio n  o r  S u p erv iso ry  fram es);
3. N o tif ic a tio n  o f  u n re c o v e rab le  e rro r  to  th e  L ay er-3  (L3 p rim itiv e );
4 . S u p p o r t  o f  seq u en ce  c o n tro l to  m ain ta in  th e  seq u en ce  o rd e r  o f  th e  L a y e r-2  (L 2 ) 
p e e r- to -p e e r  d a ta  u n its  (co n tro l fie ld );
5. S e g m e n ta tio n  an d  co n c a te n a tio n  o f  L 3  m essag es  (ad d ress  an d  co n tro l f ie ld s);
6. F lo w  c o n tro l (co n tro l fie ld ).
5 . 1 . 1  L A P D m  P e e r - t o - P e e r  C o m m u n i c a t i o n
In  th is  c h a p te r , w e  fo c u s  o n  th e  L A P D m  p ro to c o l u se d  fo r  th e  D C C H
a c k n o w le d g m e n t o p e ra tio n  b e c a u se  th e  D C C H  signalling  ex ch an g es a re  th e  m ain
c o n tr ib u to r  fo r  th e  call se t-u p  signalling  p ro ced u re s . T h e  s tu d y  o f  th e  G S M  L A P D m
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p ro to c o l ([G S M 0 4 .0 5 ,0 6 ])  w ill p ro v id e  a  p re re q u is ite  fo r  th e  d esig n  o f  a  lin k  p ro to c o l 
fo r  th e  sa te llite  co n tro l ch an n e ls .
A s sh o w n  in  F ig u r e  5 - 2 ,  th e  L A P D m  p e e r- to -p e e r  co m m u n ica tio n s a re  ca rr ie d  o u t  
th ro u g h  th e  D m  chan n els  b e tw e e n  a M S  an d  an E S C . T h e  signalling  m essag es  a re  
ex c h a n g e d  b e tw e e n  th e  d a ta  link  layers o f  th e  M S  and  th e  E S C  a c c o rd in g  to  a  p re ­
d e f in e d  p ro ced u re .
5 .1 .1 .1  E l e m e n t s  o f  P r o c e d u r e s
T h e  e lem en ts  o f  p ro c e d u re s  co n ta in  th e  co m m an d s  an d  re sp o n ses . T h re e  ty p es o f  
m e ssa g e s , th e  in fo rm a tio n  fram e  (I-fram e) and  th e  su p erv iso ry  fram e  (S -fram e) as w ell 
as th e  u n -n u m b e re d  fram e  (U -fram e) a re  d efin ed  fo r  th e  m essag e  tra n sfe rs . T h e  S - 
fra m e  in c lu d es th e  re c e iv e r read y  (R E R ), th e  re c e iv e r n o t read y  (R N R ) an d  th e  re je c t 
(R E J) fram es. E a c h  p o in t- to -p o in t d a ta  link  co n n ec tio n  en d p o in t h a s  th re e  s ta te  
v ariab les: a c k n o w le d g m e n t s ta te  v ariab le  (V (A )), rece iv e  s ta te  v a riab le  (V (R )) and  
se n d  s ta te  v a ria b le  (V (S )).
T h e  c o n tro l fie ld  in  a  fram e  inc ludes a  rece iv e  seq u en ce  n u m b er N (R ) an d  a  tra n sm it 
se q u e n c e  n u m b e r N (S ) as sh o w n  in F ig u r e  5 - 1 .  T h e  N (R ) in  an  I-fram e  o r  S -fram e  is 
u se d  to  a c k n o w le d g e  th e  re c e p tio n  o f  an  o u ts ta n d in g  I-fram e. T h u s  th e  V (A ) in th e  I- 
fra m e  tra n sm itte r  is re n e w e d  and  th e  link  lay e r tim er is can ce led . T h e  N (S )  in th e  I-  
fra m e  in d ica tes  th e  seq u en ce  n u m b er o f  th e  I-fra m e  b e in g  sen t. I f  an  e r ro r  free  an d  in ­
se q u e n c e  I-fra m e  is re ce iv ed , th e  N (S ) is u se d  to  ren ew  th e  V (R ) in  th e  rece iv e r.
In  th e  a c k n o w le d g m e n t m o d e , th e  in fo rm atio n  fram es are  n u m b ered  cyclically  w h ich  
en ab les  th e  link  lay e r in  th e  re c e iv e r to  d e te c t w h e th e r th e  re ce iv ed  fram e  is a  r e ­
tra n sm iss io n  o r  th e  fram e  lo ss o c c u rs  an d  to  ack n o w led g e  an  e r ro r-fre e  re c e p tio n  o f  
th e  fram e . T o  re d u c e  th e  fram e  h ead e r, th e  L A P D m  ad o p ts  th e  m o d u lo  8 n um bering  
cy c le . T h e re fo re , b o th  N (S ) an d  N (R ) ca n  b e  c o d e d  w ith  3 b its .
T h e  re p e titio n  o f  an  I -fra m e  can  b e  tr ig g e re d  b y  th e  R E J  S -fram e  o r th e  link  lay e r tim er 
(T 2 0 0  in  G S M  L A P D m ). T h e  va lue  o f  T 2 0 0  shall b e  ch o sen  su ch  th a t  th e  re p e titio n  o f  
a  fra m e  ca n  ta k e  p lace  a t th e  e a rlie s t p o ss ib le  o p p o rtu n ity  an d  it  d o es  n o t  tim e  o u t  
b e fo re  th e  re sp o n se  fram e  fro m  th e  o p p o s ite  d irec tio n  is rece iv ed  an d  p ro c e sse d . T h e  
T 2 0 0  fo r  D C C H  is 2 2 0 m s an d  th e  re p e titio n  delay  o f  D C C H  m essag es  is 51 T D M A  
fram es  (2 3 5 .4 m s).
5 .1 .1 .2  P e e r - t o - P e e r  P r o c e d u r e s
T h e  p e e r - to -p e e r  p ro c e d u re s  apply  to  all s ignalling  and  d a ta  tra n s fe r  p ro c e d u re s  
b e tw e e n  L 3  en titie s . T h e  m u ltifram e  o p e ra tio n a l p ro c e d u re s  w h ich  a re  m ain ly  u se d  by 
th e  D C C H  a re  o u tlin e d  as fo llo w s  [B U X 80]:
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1. T o  e n te r  th e  ack n o w le d g m e n t o p e ra tio n  m o d e , th e  m u ltip le  fram e  o p e ra tio n  (M F O ) 
is s e t  by  ex ch an g in g  a  p a ir  o f  co m m an d /re sp o n se  m essag es , th e  S E T  
A S Y N C H R O N O U S  B A L A N C E D  M O D E  (S A B M ) and  th e  U N N U M B E R E D  
A C K N O W L E D G M E N T  (U A ), b e tw e e n  p ee rs . T h e  in fo rm atio n  tra n sfe r  
co m m e n c e s  a fte r  th e  M F O  m o d e  is su ccessfu lly  estab lished .
2. E r ro r- f re e  o p era tio n : A n  e rro r-free , in  se q u e n c e  I-fram e  is a ck n o w le d g e d  e ith e r by 
a  S -fra m e  o r  an  I -fra m e  w ith  th e  N (R ) se t to  th e  seq u en ce  n u m b er o f  th e  re ce iv ed  I-  
fram e.
3. P /F -b it  (P u ll/F inal) reco v ery : T h is  is a lso  ca lled  c h eck -p o in t fu n c tio n  [B U X 8 0 ]. A s 
th e  P - an d  F -b its  a re  a lw ays e x c h a n g e d  as a  p a ir , th e  P  c a n n o t b e  is su ed  un til th e  
p re v io u s  P  h as  b een  m a tc h e d  w ith  an  F . T h e  N (R ) c o u n t co n ta in e d  in  a  fram e  w ith  
th e  F -b it  se t to  1 c a n  b e  u se d  to  d e te c t th e  I - f ra m e  se q u e n c e  e rro r.
4 . R E J  reco v e ry : T h e  R E J  S -fram e  is u se d  to  in itia te  an  early  re -tran sm iss io n  
fo llo w in g  th e  d e te c tio n  o f  a  se q u e n c e  e rro r . T h e  R E J  m e th o d  is q u ic k e r  th a n  th e  
c h e c k p o in tin g  ap p ro ach .
5. T im e r  reco v e ry : In  c a se  an  I-fram e  c a n n o t b e  re c o v e red  by  e ith e r  R E J  S -fram e  o r  
th e  P /F -b it, a  tim er w ill tr ig g e r  th e  re -tran sm iss io n . F o r  ev e ry  re -tran sm iss io n  th e  
c o u n te r  is in c reased  by  o n e . T o  avo id  ach iev ing  th e  d e a d  lo ck , an  e r ro r  w ill be  
re p o r te d  to  L 3  w h en  th e  re -tran sm iss io n  c o u n te r  reach es a  m ax im u m  n u m b e r o f  re ­
tran sm issio n .
T o  sim plify  th e  p ro to c o l im p lem en ta tio n , th e  w in d o w  size  (W S ) is se t to  1 in  th e  G S M  
L A P D m  c ase  [B O H 9 4 ]. B ec a u se  m o s t o f  th e  L 3  s ig n a llin g  m essag es  can  b e  in c lu d e d  in 
o n e  fram e  b lo c k  an d  th e  tran sm iss io n  o n  th e  D C C H  is o f  tra n sa c tio n  ty p e , th is 
s im p lifica tio n  d o es  n o t c a u se  any  p e rfo rm a n c e  d eg rad a tio n . H o w e v e r , w h en  th e  L 3  
m essag es  n e e d  to  b e  seg m en ted , th e  p ro c e ss in g  in  th e  rece iv e r h as  to  w a it un til all th e  
se g m e n ts  a re  c o rre c tly  rece iv ed . H e n c e  th e  signalling  p e rfo rm an ce  is d e g ra d e d  by long  
L 3  m essag es  ex ceed in g  2 0 -o c te ts , su ch  as th e  S E T -U P  (1 5 2 -o c te ts ) , th e  A L E R T IN G  
(4 3 -o c te ts )  a n d  th e  C O N N E C T IO N  (4 3 -o c te ts ) m essag es .
5 . 1 . 2  L a v e r - t o - L a v e r  O p e r a t i o n
In  th e  lay e red  s ignalling  sy stem , th e  L 2  p ro v id es  serv ices to  th e  L 3  an d  u se s  th e  
se rv ice s  p ro v id e d  by  th e  L a y e r -1 (L I ) .  T h e  co m m u n ica tio n s b e tw e e n  layers a re  
acco m p lish ed  by  m ean s o f  p rim itives. T h e re  are  fo u r typ es o f  p rim itiv es , i.e ., 
R E Q U E S T , IN D IC A T IO N , R E S P O N S E  an d  C O N F IR M , as sh o w n  in  F ig u r e  5 - 2 .
T h e  se rv ic e  access  p o in t (S A P ) is w h e re  th e  d a ta  lin k  lay e r se rv ices  a re  p ro v id e d  b y  th e  
L 2  to  th e  L 3  en tity  (F ig u r e  5 -2 ) . T h e  S A P  id en tifie r (S A P I) in c lu d ed  in  th e  ad d ress  
fie ld  o f  a  L 2  fram e  a llow s 8 S A P s  to  b e  specified . A m o n g st th em , S A P I= 0  is d efin ed  
fo r  th e  ca ll co n tro l, m obility  m a n ag em en t an d  rad io  re so u rc e  m an a g e m e n t p u rp o se s . 
T h e  S A P I= 3  is d e fin e d  fo r  th e  sh o rt m e ssa g e  serv ice .
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M S  E S C
Figure 5-2 Data link layer reference model
T a b le  5 -1  sh o w s th e  p rim itives c o n v ey ed  b e tw een  L 2  and  L 3 . T w o  m ain  p a ra m e te rs , 
th e  m e ssa g e  u n it and  th e  ch an n e l ty p e , a re  in c lu d ed  in th e  prim itives. T h e  m essag e  u n it 
c o n v e y e d  by  th e  p rim itiv es  a re  o f  tw o  ty p es, th e  p e e r- to -p e e r  m essag es  tra n sfe rre d  
th ro u g h  th e  d a ta  link  co n n ec tio n , an d  th e  lay e r-to -lay er in fo rm atio n  co n ce rn in g  th e  
ac tio n s  an d  resu lts  re la te d  to  th e  R E Q U E S T  prim itives. T h e  ch an n el ty p e  (B C C H , 
C C C H , D C C H ) is in d ica ted  in th e  L 3  p rim itives enab ling  th e  d a ta  link  lay e r to  
c o rre c tly  d is tr ib u te  L 3  m essag es  o n  ap p ro p ria te  p h y sica l ch an n e ls .
O perations Primitives
Acknowledged operation mode
D ata transfer D L-D A TA -REQ U EST/IN D ICA TIO N
Establishm ent o f M FO  using SABM D L-ESTA BLISH -REQ U EST/IN D ICA TIO N
/C O N FIR M
Suspension of M FO D L-SU SPEN D -REQ U EST/CO N FIRM
Resum ption of M FO D L-RESU M E-REQ U EST/CO N FIRM
T erm ination of M FO D L-R ELEA SE-R EQ U EST/IN D IC A TIO N /C O N FIR M
Unacknowledged operation mode
D ata transfer D L-U N IT D A TA -REQ U EST/IN D ICA TIO N
R andom  access procedure
D ata transfer D L-RA N D O M  ACCESS- 
R EQ U EST/IN D ICA TIO N /CO N FIRM
Table 5-1 Data link layer primitives fo r  providing services to L3
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D ata transfer PH -D A TA -REQ U EST/IN D ICA TIO N
R andom  access PH -R A N D O M  A C C ESS-R EQ U EST/IN D IC A TIO N /C O N FIR M
Connection establishm ent PH -C O N N EC T-IN D IC A TIO N
Table 5-2 Physical layer primitives fo r  providing services to L2
T h e re  a re  th re e  g ro u p s  o f  p rim itiv es  e x c h a n g e d  b e tw e e n  L 2  an d  L I ,  as sh o w n  in  T a b le  
5 - 2 .  T h e  fu n c tio n s  o f  L A P D m  a re  ap p lied  only  to  th e  p e e r- to -p e e r  m essag es , i.e ., th e  
d a ta  tra n sfe r . T o  th e  ra n d o m  access  an d  th e  u n ack n o w le d g e d  ty p e  o f  m essag es , th e  
lin k  lay e r is tra n sp a re n t. A s sh o w n  in F ig u r e  5 - 3 ,  the  d a ta  lin k  lay e r in  a  B S  sim ply 
p a sse s  th e  in fo rm a tio n  re ce iv ed  in a  p rim itiv e  P H  (p h y sica l)-R A  in d ica tio n  to  th e  L 3  in 
a  p rim itiv e  D L  (d a ta  lin k )-R A  re q u e s t. T h e  in fo rm atio n  ca rrie d  in  th e  p rim itives 
in c lu d es th e  c o n te n t (8  b its )  o f  th e  ra n d o m  access  b u rs t and  an  in d ica tio n  o f  th e  tim e  
s lo t in  w h ich  th e  b u rs t  w as rece iv ed . A n  in d ica tio n  o f  th e  ty p e  o f  th e  ch an n e l u se d  is 
also  in c lu d e d  in  the  p rim itiv es .
BS MS
Figure 5-3 Random access procedures
5,2 LINK LAYER PROTOCOL FOR DCCH of S-PCNs
In  S -P C N s, th e  s ig n a llin g  tran sac tio n s  on  th e  D C C H  w ill in cu r lo n g e r d e lay  th an  th a t in
th e  G S M  sy s te m  fo r  th e  fo llo w in g  reaso n s:
1. R e -tran sm iss io n s  o f  signalling  p a c k e ts , d u e  to  th e  channel fad in g  an d  p o w e r  
co n s tra in t, w h ich  resu lts  in  a  lo n g  ca ll se t-u p  de lay ,
2 . T h e  lo n g  re p e titio n  d u ra tio n  (4 8 0 m s/3 2 0 m s a ssu m ed  fo r  M E O /L E O  sa te llite  
sy s te m s  resp ec tiv e ly ) d u e  to  th e  lo n g  p ro p ag a tio n  de lay  in  th e  sa te llite  sy stem s;
3. In c re a se d  s ignalling  e x ch an g es  d u e  to  th e  inv o lv em en t o f  a  se c o n d  E S , in  ad d itio n  
to  th e  E S C , in  th e  ca ll se t-u p  p ro c e d u re .
5 . 2 . 1  M o d i f i c a t i o n s  o f  G S M  T i m e r  T 2 0 0
In  th e  G S M  sy stem , th e  re p e titio n  delay  o f  a  D C C H  fram e  b lo c k  is 2 3 5 .4 m s an d  th e
D C C H  tim e r (T 2 0 0 ) is 2 2 0 m s. T h e se  p a ra m e te rs  a re  d e te rm in ed  m ain ly  b y  tw o
fa c to rs , th e  D C C H  signal p ro c e ss in g  delay  a t th e  B a se  s ta tio n /M o b ile  s ta tio n  w h ich  is
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1 4 8 m s/5 1 m s an d  th e  tran sm iss io n  de lay  (m ainly  th e  in te rleav ing  de lay ) o f  co m m an d  
an d  re sp o n se  p a c k e ts  w h ich  is a b o u t 37m s. T h e  p ro p ag a tio n  d e lay  in  te rre s tr ia l sy s tem s 
is neg lig ib le . D u e  to  th e  lo n g  p ro p a g a tio n  delay  in  sa te llite  sy stem s, th e  v a lu e  o f  G S M - 
T 2 0 0  is n o t  a p p ro p ria te  fo r  th e  S -P C N s. W e  su g g e s t 4 8 0 m s an d  3 2 0 m s th e  fram e 
re p e titio n  c y c le  fo r  IC O  10 an d  L E O 66 sa te llite  sy s tem s resp ec tiv e ly .
5 . 2 . 2  D a t a  L i n k  L a v e r  P r o t o c o l s  f o r  D C C H  o f  S - P C N s
T h e  u se  o f  a  s to p  an d  w a it (S A W ) sch em e  in  S -P C N s m ay  c a u se  u n accep tab ly  lo n g  
ca ll s e t-u p  d e lay s  d u e  to  th e  ch an n el fad ing . T w o  A R Q  tech n iq u es, G o -B a c k -N  (G B N ) 
a n d  S e lec tiv e  R e -tran sm iss io n  (S R T ) ([L IN 8 4 ] an d  [IY E 9 3 ]), a re  c o n s id e re d  since 
th ey  h a v e  b e e n  w idely  u se d  in  d a ta  co m m u n ica tio n  system s to  c o u n te ra c t th e  
tran sm iss io n  e rro rs  an d  th e  lo n g  p ro p a g a tio n  delay . B o th  p ro to c o ls  can  p ro v id e  h ig h er 
c h an n e l th ro u g h p u t effic iency  th an  th e  S A W  schem e. T o  b e  a d o p te d  in S -P C N s , th e  
G B N  a n d  S R T  A R Q  sch em es  n e e d  to  b e  m o d ifie d  in  o rd e r to  co p e  w ith  th e  tra n sa c tio n  
ty p e  tra n sm iss io n  on  th e  D C C H .
In  S -P C N s , th e  D C C H  tran sm iss io n  d a ta  ra te  is lo w  b ecau se  o f  th e  lo n g  p ro p a g a tio n  
delay  (IC O  10: 3 2 0 /0 .4 8  =  6 6 7 b /s). I t  can  b e  in c reased  by  in creasin g  th e  w in d o w  size 
(W S ). T h e  w in d o w  size  re fe rs  to  th e  n u m b er o f  p en d in g  fram e  b lo ck s  a llo w ed  to  be  
s e n t b e fo re  th e  re sp o n se  fram es fro m  th e  o p p o s ite  d irec tio n  are  rece iv ed . T h e  D C C H  
lo a d  w ill b e  in c rea sed  b y  X  tim es i f  th e  w in d o w  size  is in c reased  fro m  1 to  X .
Transmit buffer Send buffer
Figure 5-4 The message sending peer (WS=5)
A s sh o w n  in  F ig u r e  5 - 4 , th e  lo n g  L 3  m essag es  (ex ceed in g  1 5 -o c te ts  in S -P C N s) will 
b e  se g m e n te d  in to  a  n u m b er o f  fram e  b lo ck s  an d  p laced  in  a  tra n sm it b u ffe r  in 
seq u en ce . W S  fram e  b lo ck s a re  in p u t to  a sen d  b u ffe r acco rd in g  to  th e ir  seq u en ce  
n u m b er. I f  th e  n u m b er o f  fram es in  th e  tra n sm it b u ffe r is sm aller th an  th e  W S , fram e 
c o p ie s  a re  filled  in successively . W h en  th e  w in d o w  slo ts  b e c o m e  availab le , th e  p en d in g  
fram es in  th e  se n d  b u ffe r  a re  sen t. T h e  fram es w ill b e  k e p t in th e  sen d  b u ffe r  un til th e  
a c k n o w le d g m e n t (N (R )) is rece iv ed . B e fo re  th e  n e x t tran sm issio n  in te rv a l b eg in s , th e  
u n a c k n o w le d g e d  fram es a re  re -sch ed u led . I f  so m e  fram es are  successfu lly  re c e iv e d  in 
th e  p re v io u s  tran sm issio n , th e  n u m b e r o f  u n ack n o w led g ed  fram es is re d u c e d . T h u s , 
m o re  w in d o w s are  av a ilab le  fo r  th e  red u n d a n t fram es.
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5 .2 .2 .1  M o d i f i e d  G o - B a c k - N  P r o t o c o l
A s sh o w n  in  F ig u r e  5 - 5 ,  a  tran sm iss io n  is d eem ed  successfu l and  is ack n o w le d g e d  only 
if  th e  re c e iv e d  fram e  is b o th  e r ro r  free  an d  in seq u en ce  in  th e  G B N  case . T h e  N (R ) in 
th e  S -fram es  is se t to  th e  h ig h es t seq u en ce  n u m b er o f  th e  successfu l fram es. W h en  an 
o u t-o f-se q u e n c e  fram e  is d e te c te d , th e  rece iv e r sends a  R E J fram e  w h ich  in d ica tes  th e  
se q u e n c e  n u m b er o f  th e  n e x t e x p e c te d  I-fram e . T h en  th e  tra n sm itte r  in itia tes r e ­
tran sm iss io n  s ta rtin g  fro m  th e  fram e  im m edia te ly  a fte r  th e  la s t su ccessfu l fram e. I f  th e  
R E J  fram e  is lo s t, re co v e ry  is ach iev ed  v ia  a  tim e -o u t m echan ism . A  tim er is se t 
w h e n e v e r an  I-fram e  is sen t. I f  a  p o s itiv e  a ck n o w led g m en t is n o t re ce iv ed  w ith in  th e  
tim e -o u t in te rv a l, th en  th e  tra n sm itte r  re -tran sm its  all th e  fram es fo llo w in g  th e  la s t 
p o sitiv e ly  ack n o w le d g e d  fram e. W h en  th e  w h o le  L 3 c o m m an d  is co rrec tly  rece iv ed  
an d  p ro c e sse d , a  re sp o n d in g  L 3  m essag e  is g en e ra ted . T h e  tra n sm it b u ffe r  is only 
c le a re d  w h en  th e  firs t I-fram e  o f  a  L 3  re sp o n se  is successfu lly  re c e iv e d  a t th e  p e e r  
en tity  f ro m  w h ich  th e  L 3  c o m m a n d  is issued .
T h e  n u m b erin g  am bigu ity  p ro b lem  w hich  ex ists  fo r  th e  S R T  p ro to c o l (d iscu ssed  la ter) 
c an  b e  av o id ed  by  u s in g  th e  G B N  p ro to c o l. I f  w e  k eep  th e  W S  sm alle r th an  8, it will 
n o t b e  p o ss ib le  fo r  d iffe ren t fram es w ith  th e  sam e  seq u en ce  n u m b er to  b e  s e n t in  th e  
sam e  tran sm iss io n  cy c le  in  th e  G B N  p ro to co l.
Rci rn Receive the command,
IH REJ S-Frame |/| RR S-Frame senc] response
Figure 5-5 M-GBN protocol (WS=5)
5 .2 .2 .2  M o d i f i e d  S e l e c t i v e  R e - t t a n s m i s s i o n  P r o t o c o l
In  th e  S R T  c ase  (F ig u r e  5 - 6 ) ,  th e  re c e iv e r s to re s  th e  e rro r-free  I-fram es ev en  if  th o se  
fram es m ay  n o t b e  in  seq u en ce . B ec a u se  th e  R E J  S -fram e only in d ica tes  th e  seq u en ce  
e rro r , it  c an  b e  e lim in a ted  fro m  th e  S R T  p ro to c o l o p e ra tio n . O nly  th e  p o sitiv e  
ack n o w led g m en ts  (R R  S -fram e) w h ich  in d ica te  th e  seq u en ce  n u m b e r o f  I-fram e  
re ce iv ed  a re  se n t b a c k  to  th e  tran sm itte r. I t  w ill sim plify th e  p ro to c o l im p lem en ta tio n
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an d  in c rease  th e  p ro to c o l effic iency . F o r  th o se  u n ack n o w led g ed  I-fram es, re c o v e ry  is 
ach iev ed  v ia  a  tim e -o u t m echan ism . T h e  S R T  p ro to c o l req u ires  m u ltip le  tim ers fo r  
th o se  o u t-s ta n d in g  I-fra m e s , w h ich  n u m b er ex ceed s  th e  n u m b er o f  tim ers  (W S ) u se d  in 
th e  G B N  sch em e.
In  d a ta  c o m m u n ica tio n  sy stem s, th e  S R T  p ro to c o l g ives b e t te r  th ro u g h p u t 
p e rfo rm a n c e  c o m p a re d  to  th e  G B N , b ecau se  u n n ecessa ry  re -tran sm iss io n s  can  be 
a v o id e d  b y  s to rin g  th e  o u t-o f-se q u e n c e  b u t  e rro r-free  I-fram es in  th e  rece iv in g  bu ffer. 
T h e  d isad v an tag es  o f  th e  S R T  is its an  in fin ite  b u ffe rin g  an d  the  co m p lex  lo g ic  req u ire d  
a t b o th  tra n sm itte r  an d  re c e iv e r  [L IN 84].
W h e n  an  M -S R T  A R Q  sch em e  is ap p lied  to  th e  D C C H , th e  b u ffe rin g  re q u ire m e n t is 
n o t  a  p ro b le m  sin ce  th e  m ax im u m  len g th  o f  a  L 3  m essag e  is 2 6 0 -o c te ts  (eq u iv a len t to  
18 f ra m e  b lo ck s).
T o  re d u c e  th e  fra m e  h ead e r, th e  G S M  L A P D m  p ro to co l sp ec ifie s  th e  se q u e n c e  n u m b er 
m o d u lo  8. I t  w ill n o t c au se  any p ro b le m  in th e  L A P D m  case  b e c a u se  th e re  is only  o n e  
o u ts ta n d in g  fram e. I f  w e  a d o p t th e  m o d u lo  8 seq u en ce  num b erin g  in  th e  M -S R T  case , 
am b ig u ity  o f  seq u en ce  n u m b erin g  m ay  o ccu r. W h en  th e re  a re  m o re  th an  e ig h t 
se g m e n te d  fram es , th e  n in th  fram e  th a t fo llo w s th e  fram e  N o .7  is n u m b ered  as N o.O . I f  
th e  f irs t I -fra m e  (N o.O ) is still u n a c k n o w le d g e d  w h en  th e  n in th  I-fram e  is sen t, th e  link  
lay e r in  th e  re c e iv e r c a n n o t re s to re  th e  L 3  m essag e . T h e  only so lu tio n  to  th is  p ro b lem  
is to  in c rease  th e  m ax im u m  seq u en ce  n u m b er in th e  S R T  case . T h e re fo re  th e  len g th  o f  
th e  c o n tro l fie ld  has to  b e  in c reased  to  2 -o c te ts  (1 -o c te t is u se d  in  th e  G S M  L A P D m  
case ), th e n  th e  m ax im u m  seq u en ce  n u m b er can  b e  in creased  to  128. T h is  w ill red u c e  
th e  tra n sm iss io n  e ff ic ien cy  d u e  to  th e  in c rease  o f  th e  fram e  header.
Figure 5-6 M-SRT protocol (WS=5)
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5 . 3 . 1  C a l l  S e t - u p  S i g n a l l i n g  P r o c e d u r e s
T h e  m o b ile  o rig in a ted  call se t-u p  p ro c e d u re  is as sh o w n  in Figure 5-7. W h en  an  E S C  
rece iv es  an  access request on  R A C H , a  D C C H  is a llo ca ted  th ro u g h  A G C H  fo r  call se t­
u p  re la te d  s ig n a llin g  ex changes.
M e ssa g e s  a re  ex ch an g ed  b e tw e e n  a  m o b ile  an d  an  E S C  in o rd e r  to  verify  th e  m o b ile ’s 
re g is tra tio n  an d  to  ro u te  th e  ca ll th ro u g h  an  ap p ro p ria te  E S  in  th e  ran g e . T h e  
in fo rm a tio n  ex ch an g ed  a t th is s tag e  inc ludes th e  au th en tica tio n  m essag e , d e s tin a tio n  o f  
ca lled  p a r ty  an d  re q u ire d  se rv ices, m ob ile  lo ca tio n  and  d iversity  in fo rm atio n , e tc . A fte r 
an  a p p ro p ria te  E S  is se lec ted , a  channel assignment co m m an d  is issu ed  fro m  th e  E S C  
to  b o th  M S  a n d  E S .
MS
C hannel request (RA C H )
Im m ediate assignm ent (AG C H )
SA B M (D C C H )
A uthen tica tion
1-3 C M  service  request
C M  serv ice  response
A d d ition  a ssignm en t
SA B M
C ipher m ode establish
1-10 Set-up
C a ll p ro cess in g  (set-up  response)
ES
A lloca tion  co m m a n d *
ESC SMSC/S-VLR
M A P /A -C ipher start
MAP/A - Send i n f o  f o r  O/G call set-up, ask subscriber p a r a m e t e r
M AP/A - C om plete ca ll
IA M  (ISU P  in itia l address m essage)
[EXC
A C M  (ISU P  address com ple te m essage)
A N M  (ISU P  answ er m essage)
T C H  request*
A ssignm en t com m and 1-3
A lerting 1-3
C onnec t 1-3
C onnec t A cknow ledge Call set-up complete*
Connection in progress
F igu re  5 - 7  M o b ile  o r ig in a te d  c a ll se t-u p  p r o c e d u r e
B o th  M S  and  E S  sy n ch ro n ize  to  th e  a llo ca ted  D C C H . T o  b eg in  th e  signalling  
tra n sa c tio n s , th e  m u ltip le  fram e  o p e ra tio n  (M F O ) m o d e  is e s tab lish ed  by  th e  M S  
sen d in g  a  SABM  an d  th e  E S  re sp o n d in g  w ith  a  UA fram e. A fte r  th e  M F O  is 
su ccessfu lly  e s tab lish ed , th e  n e x t s tep  is to  ex ch an g e  th e  cipher command/response. 
O n c e  e n te rin g  th e  c ip h er o p e ra tio n  m o d e , th e  M S  sends a se t-u p  m essag e  to  th e  E S . 
T h e  E S  c h eck s  th e  se rv ice  co m p atib ility  b e tw een  th e  ca lled  u s e r ’s n e tw o rk  and  th e  S -
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P C N  to  d e te rm in e  th e  a p p ro p ria te  in te rw o rk in g  fu n c tio n  fo r  th e  re q u ire d  serv ice . 
F ig u re  5 -7  sh o w s th e  ca lled  u se r  is an  IS D N  subscriber. H en ce  th e  IS U P  call se t-u p  
re la te d  signalling  p ro c e d u re  is ap p lied  fo r  th e  re s t  o f  th e  signalling  p ro c e d u re . T o  sav e  
th e  v a lu ab le  sa te llite  re so u rc e , th e  T C H  can  b e  a llo ca ted  a fte r th e  ca lled  u se r  an sw ers  
th e  call.
M S  p  E S C P  S M S C / S - V L R $  E X C
P aging  (P G C H ) 1 M A P /A - P ag ing  M S 4 -------------------------
IA M^  ................  -^---------- 1 1 " ------- --------------------
1 P aging  response (RA C H ) M A P /A -process a ccess  request
Im m ed ia te  a ssig n m en t (A G C H ) \ --------------------------------------------------------------------------------------»
M A P/A -A uth en tica tion1 S A B M (D C C H )  1
_ I  A u then tica tion  2 .
4 ----------------------------------------------------------------------------------- ►
M A P /A - p ro cess  access  a ccep t
M A P /A -Send  info, f o r  I /C  ca ll se t-up
2  M S, ca ll r e la ted  in form ation
A d d itio n  a ssignm en t E S | p  i
4 1 S A B M  1
4 -------------------------------------------------------------- T
A llo ca tio n  com m and*  1 
k -------------------------------------------------------------------
j C ip h e r  m o d e  estab lish  ^
4 -------------------------------------- M A P /A -C om plete ca ll
S e t-u p  1 - 1 0 *
T C H  request*
M A P /A -C ipher  start
1 _ 3  C a ll c o n firm ed  (se t-up  response)
A ssig n m en t com m and
-------------------------------------►
1 - 3
P  a ddress com plete m essage)1-3 A ler tin g  ^ A C M (I S l
1 _ 3  C onnec t A N M  (ISU P  a nsw er m essage)
C onnec t A cknow ledge Call set-up complete*
----------------------------------------------------------------- p.
Connection in progress
Figure 5-8 Mobile terminated call set-up procedure
F ig u r e  5 - 8  sh o w s th e  m ob ile  te rm in a ted  call se t-u p  signalling  p ro c e d u re . B y 
in te rro g a tin g  th e  S -H L R , a  g a tew ay  ex ch an g e  (E X C ) (c o rre sp o n d in g  to  th e  G S M - 
G M S C ) w h ich  is th e  e n tran ce  p o in t o f  a  m ob ile  te rm in a ted  call re tr iev es  th e  ad d ress  o f  
a  S M S C /S -V L R . In  th e  c a se  w h e re  th e  IS D N  in te rfaces  th e  S M S C , th e  IS U P  in i t i a l  
a d d r e s s  m e s s a g e  (I  A M )  is s e n t fro m  th e  E X C  to  th e  S M S C . H av in g  re ce iv ed  th e  call 
s e t-u p  re q u e s t, th e  S M S C  in itia tes th e  p a g in g  p ro c e ss  th a t has b een  in tro d u c e d  in 
C h a p te r  4 . T h e  p a g in g  s ig n a llin g  is b ro a d c a s t b y  th e  E S C s v ia  a p p ro p ria te  sa te llite /S B s 
th a t a re  se le c te d  a c c o rd in g  to  an  in te llig en t p ag in g  a lgo rithm . O n ce  th e  p a g in g  
m e ssa g e  is rece iv ed , an  M S  w ill sen d  a  p a g in g  r e s p o n s e  o n  th e  R A C H  as early  as 
p o ss ib le . W h en  an  E S C  rece iv es  th e  p a g in g  r e s p o n s e  f ro m  th e  M S , an  im m e d ia te  
a s s ig n m e n t  c o m m an d  is se n t o n  th e  A G C H . A  n u m b er o f  p re lim inary  ca ll se t-u p  
re la te d  signalling  ex ch an g es  ta k e  p lace  b e tw e e n  th e  E S C  an d  th e  M S  b e fo re  an  
a p p ro p ria te  call ro u tin g  p o in t is se lec ted . F irs tly , th e  au th en tica tio n  p ro c e d u re  is 
p e rfo rm e d  to  verify  th e  u s e r ’s p ro file . T h en  th e  m ob ile  an d  se rv ice  re la te d  in fo rm atio n , 
su ch  as th e  m o b ile ’ lo ca tio n , th e  E S  p re fe ren ce , th e  ty p e  o f  se rv ice  req u ired , is 
ex ch an g ed . T h e  a d d i t i o n a l  a s s ig n m e n t  co m m an d  is sen t to  b o th  M S  an d  th e  se lec ted  
E S . T h e n  th e  call is p ro p a g a te d  fro m  th e  E X C  to  th e  d e te rm in ed  access  p o in t-E S . T h e
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re s t o f  th e  c a ll se t-u p  s ig n a llin g  p ro c e d u re  is s im ila r  to  th a t in th e  m o b ile  o rig in a te d  call 
s e t-u p  signalling  p ro c e d u re . E x c e p tio n s  are  th a t th e  s e t - u p  m essag e  is s e n t by  th e  E S  
a n d  th e  c a l l  c o n f i r m , a le r t in g  and  c o n n e c t  m essag es  a re  re ce iv ed  fro m  th e  M S .
5 . 3 . 2  E v a l u a t i o n  o f  C a l l  S e t - u p  S i g n a l l i n g  P e r f o r m a n c e
M a th e m a tic a l analysis o f  A R Q  p ro to c o ls  u sua lly  req u ires  so m e  sim p lifica tions. F o r  
in s tan ce , th e  S -fram e  is a ssu m ed  e rro r-free  [B U X 8 0 ], T h e  analysis is d ifficu lt w ith o u t 
th e se  a ssu m p tio n s . O u r ev a lu a tio n  o f  th e  A R Q  p ro to c o ls  is c a rr ie d  o u t u s in g  a  
c o m p le te  s im u la tio n  o f  th e  sa te llite  ch annel, tak in g  in to  a c c o u n t e rro rs  in  b o th  th e  I- 
an d  S -fram es.
A s d isc u sse d  in  C h a p te r  2 , th e  signal tra n sm itte d  a t th e  sa te llite  a ir-in te rface  is su b jec t 
to  m u ltip a th  fad in g  as w ell as sh ad o w in g . T h e  sa te llite  fad ing  channe l is ap p ro x im a te d  
b y  a  tw o -s ta te  M a rk o v  ch an n e l m o d e l [L U T 9 1 ]. B ecau se  th e  b it e r ro r  ra te  (B E R ) 
p e rfo rm a n c e  o f  th e  sh a d o w e d  lin k  is very  p o o r , it can  b e  assu m ed  th a t th e  tran sm issio n  
lin k  is v irtua lly  b lo c k e d  w h en  a  sh a d o w e d  ch an n el co n d itio n  is e n c o u n te re d . T h is  is 
r e fe r re d  to  as th e  “b a d ” ch an n e l s ta te  in  th e  L u tz  m odel. L ik ew ise , a  “ g o o d ” channel 
s ta te  re fe rs  to  th e  u n -sh a d o w e d  co n d itio n . T h e  p robab ility  o f  a  p a c k e t be ing  
tra n sm itte d  in  th e  g o o d  ch an n el s ta te  (P ss(n ) )  is th e  co m b in a tio n  o f  th e  p ro b ab ility  o f  a  
p a c k e t s ta r te d  in th e  g o o d  s ta te  (1 -A ) an d  th e  p ro b ab ility  o f  th e  g o o d  ch an n e l s ta te  
la s tin g  lo n g e r  th an  th e  p a c k e t d u ra tio n  ( p 8( > n ) )  [C A S 9 2 ]. W h en  th e  ‘g o o d ’ (m u ltip a th  
fad in g ) ch an n e l co n d itio n  is p re se n t, th e  p a c k e t e r ro r  ra te  is d e te rm in ed  by  th e  c o d in g  
sch em e  a d o p te d , th e  p a c k e t len g th  an d  th e  B E R . T h e  B E R  o f  u p -  an d  do w n -lin k s 
d e p e n d s  o n  th e  tra n sm it signal p o w e r  an d  th e  fad in g  p a ra m e te rs  an d  th e  p a th  lo ss. D u e  
to  th e  sa te llite  d y n am ics , th e  ch an n e l fad in g  e ffe c t v aries  w ith  th e  u s e rs ’ e le v a tio n  ang le  
an d  su rro u n d in g  en v iro n m en t. T h e  lo w e r th e  e lev a tio n  ang le , th e  h ig h e r th e  p ro bab ility  
th a t  links a re  sh a d o w e d  an d  th e  p o o re r  th e  channel p e rfo rm an ce  (B E R ). T h e  fad in g  
p ro b le m  is m o re  c ritic a l in  th e  c ity /u rb an  en v iro n m e n t than  in  th e  o p en  area.
ICO  10 L E 0 6 6
M obile T X  peak pow er (W) 3 3
Sat. T X  E IR P (dBW ) 35 21.4
city open area city open area
U plink m ean BER  ^0-2.2/ -2.4 J0-2.5/-2.9 10-3/-4.5 10-6/-18
Dow nlink mean BER j q-2.6/-2.9 J 0-3.4/-4.3 10-3/-4.5 10-6/-.8
T a b le  5 -3  S a te l li te  lin k  p e r fo rm a n c e
T h e  sa te llite  link  sim u la tio n  re su lts  a re  g iven  in  T a b le  5 - 3 .  T h e  lin k  B E R  in c reases  
w h e n  th e  e lev a tio n  ang les ch an g e  fro m  10° to  50°. P ag in g  delay  an d  ra n d o m  access  
de lay  h a d  b een  ev a lu a te d  in  o u r  p rev io u s  w o rk s  (C h ap te rs  3 ,4 ) an d  a re  g iven  in T a b le  
5 - 4 .  In  th e  call se t-u p  s im u la tio n s, th e  p a ra m e te rs  o f  u p - and  d o w n -lin k  B E R s, th e  
ra n d o m  access  delay  (C h a p te r  3 ), and  th e  p ag in g  delay  (C h a p te r  4 ) a re  in c o rp o ra te d  in
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th e  fo rm s o f  c u m u la tiv e  d is trib u tio n  files  (C D F ) w h ich  are  g iven  as th e  s im u la tio n  in p u t 
files.
RA CH PG CH Set-up delay (M -SRT, W S=5)
L E O 66
city/urban (elevation angle: 30°)
M obile term. 0.41 1.06 9.16
M obile orig. 0.41 8.6
open area (elevation angle: 20°)
M obile term. 0.34 0.13 4.18
M obile orig. 0.34 4
ICOIO
city/urban (elevation angle: 30°)
M obile term. 0.52 0.84 13.2
M obile orig. 0.52 13.1
open area (elevation angle: 30°)
M obile term. 0.49 0.2 6.33
M obile orig. 0.49 6.07
T a b le  5 -4  A v e r a g e  s ig n a llin g  tra n sm iss io n  d e la y  in  d if fe re n t en v iro n m en ts  f o r  L E O 66 a n d  
IC O IO
M essage type G SM S-PC N  j
C hannel request/paging response 8 bits 32 bits i
Paging request 22/21/19 octets 12/11/15 octets 1
Im m ediate assignment 19 octets 7 octets
A uthentication request 19 octets 19 octets
Authentication response 6 octets 6 octets
CM  service request 17 octets 44 octets1
C M  service response 2 octets 2 octets
M S related inform ation (m obile terminated) 17 octets1
Addition assignment 18 octets 5 octets
Cipher m ode com m and 3 octets 3 octets
Cipher m ode complete 2 octets 2 octets
Set-up, m obile originated/term inated 162 octets 162 octets
C all processing (mobile originated) 6 octets 6 octets
Call confirm  (m obile terminated) 45 octets 45 octets
A ssignm ent command 44 octets 39 octets
Altering, m obile originated/terminated 43/39 octets 41/37 octets
Connect, m obile originated/terminated 43/39 octets 41/37 octets
Connect acknowledgment 2 octets 2  octets
T a b le  5 -5  S ig n a llin g  m e s sa g e s  in  G S M  a n d  S -P C N
1 Information Fields of satellite diversity, ES preference and MS location which are specific for S-PCN are 
included.
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T h e  c o m p a riso n  b e tw e e n  th e  call se t-u p  re la te d  L 3  signalling  m essag e  fo rm a tio n  in  th e  
G S M  an d  th a t o f  th e  S -P C N  is g iven  in  T a b le  5 - 5 .  D e ta ils  o f  th e  m o d ifica tio n s o f  th e  
G S M  sig n a llin g  u se d  fo r  th e  S -P C N s are  in c lu d ed  in  A p p en d ix  A .
T h e  g en e ra l a ssu m p tio n s u se d  in  th e  s im u la tio n  are  su m m arized  as fo llo w s:
•  T h e  tra ffic  lo a d  is 4 2 5  E rlan g s; th e  av e rag e  ca lling  tim e  is 3 m in u tes; th en  th e  call 
a rriv a l ra te  is 2 .3 6 ca ll/sec ;
•  3 0 %  o f  ca lls  a re  m ob ile  te rm in a ted ; an d  3 0 %  and  7 0 %  o f  u se rs  a re  re sp ec tiv e ly  in  a  
th e  c ity  an d  h ig h w ay  en v iro n m en t;
® T h e  I-fram e  (1 8 -o c te ts )  and  th e  S -fram e  (3 -o c te ts )  tran sm itted  o n  th e  D C C H  are  
c o d e d  u s in g  (2 ,1 ,7 )  c o n v o lu tio n  co d in g  sch em e  and  th e  p a c k e t len g th s  o f  th e  I-  
fra m e  a n d  th e  S -fram e  a re  re sp ec tiv e ly  3 2 0 b its  and  80bits;
•  T h e  fram e  re p e titio n  cy c le  fo r  IC O IO  and  L E O 66 sa te llite  sy stem s a re  resp ec tiv e ly  
4 8 0 m s  an d  3 2 0 m s an d  th e  D C C H  tim ers  (T 2 0 0 ) fo r  the  tw o  sa te llite  sy stem s a re  
4 6 0 m s an d  3 0 0 m s resp ec tiv e ly ;
•  M o b ile  v e lo c ity  is 9 0 k m /h o u r.
5 . 3 . 3  S i m u l a t i o n  R e s u l t s  a n d  D i s c u s s i o n
D u e  to  th e  ch an n el fad in g  e ffec ts , th e  ca ll se t-u p  delay  is very  m u ch  d e p e n d e n t o n  th e  
e lev a tio n  ang les. A s sh o w n  in  F ig u r e  5 - 9 ,  th e  lo w e r  th e  e lev a tio n  an g les , th e  lo n g e r th e  
call s e t-u p  delay . B o th  th e  M -S R T  an d  th e  M -G B N  p ro to c o ls  in  th is  s im u la tio n  u se  
five  w in d o w  s lo ts  in  each  re p e titio n  cycle . T h e  M -S R T  p ro to c o l exh ib its  sh o rte r  call 
s e t-u p  delay  th an  th e  M -G B N  p ro to c o l. T h is  delay  d ifference  d ec reases  w ith  th e  
in c rea s in g  o f  th e  e lev a tio n  ang le . W h en  u s e rs ’ e lev a tio n  ang les are  b e lo w  2 0 ° , th e  call 
s e t-u p  de lay  is u n a c c e p tab le  ev en  u s in g  th e  M -S R T  p ro to c o l. In  th is c a se  a  la rg e r W S  
w ill b e  n e e d e d  to  o b ta in  th e  d es ired  se rv ice  q u a lity .
81
Chapter 5 Evaluation of Call Set-up Signalling Performance
Elevation angle (degree)
F ig u re  5 -9  M o b ile  o r ig in a te d  a v e r a g e  c a ll  se t-u p  d e la y  vs. e le v a tio n  (c ity /su b u rb a n
en v iro n m en t)
U sin g  th e  S A W  lin k  lay e r p ro to c o l (eq u iv a len t to  W S  o f  1 in  b o th  S R T  and  G B N  
p ro to c o ls )  in  th e  IC O  10 system , th e  a v e rag e  call se t-u p  delay  fo r  th e  m o b iles ro am in g  
in  th e  c ity /u rb a n  en v iro n m en t w ill b e  very  lo n g  (F ig u r e  5 - 1 0 ,5 - 1 1 ). I t  is o b se rv ed  th a t 
th e  de lay  p e rfo rm a n c e  can  b e  sign ifican tly  im p ro v ed  by  apply ing  th e  M -S R T  an d  th e  
M -G B N  p ro to co ls  (W S > 1). T h e  m o s t s ig n if ican t de lay  im p ro v em en t is ach iev ed  a t W S
2. W ith  fu rth e r  in c rea se s  o f  W S , th e  de lay  re d u c tio n  is less m ark ed . C o m p a re d  w ith  th e  
M -G B N  p ro to c o l, th e  M -S R T  can  fu r th e r  re d u c e  th e  call se t-u p  delay  by  8-11 seco n d s  
fo r  th e  c ity  en v iro n m en ts  an d  req u ire  m u ch  less  D C C H  cap ac ity  (F ig u r e  5 - 1 2 ) .
Window size
Figure 5-10 Mobile originated average call set-up delay vs. WS (ICO 10, E=30°)
82
Chapter 5 Evaluation of Call Set-up Signalling Performance
Window size
F ig u re  5 -1 1  M o b ile  a v e r a g e  te r m in a te d  c a ll  s e t-u p  d e la y  vs. W S (IC O IO , E — 3 0 ° )
Window size
F ig u re  5 -1 2  D C C H  c a p a c ity  vs. W S (IC O IO )
T h e  c a ll a rriv a l ra te  (Q i)  is a  fu n c tio n  o f  th e  o ffe red  tra ffic  lo ad  (A ) an d  th e  ca lling  tim e  
T  (E q u a tio n  3 .8 ). W ith  th e  s im u la tion  assu m p tio n s  g iven  p rev io u sly , th e  re q u ire d  
D C C H  c ap ac ity  is  p lo tte d  v e rsu s  th e  W S  in  F ig u r e  5 - 1 2 .
W h e n  m ob iles  re s id e  in  o p e n  a reas , th e  call se t-u p  delay  g iven  by  th e  M -S R T  p ro to c o l 
is s till sh o r te r  th an  th a t o f  th e  M -G B N  p ro to c o l (F ig u r e  5 - 1 0 ,5 - 1 1 ) ,  b u t  th e  delay  
re d u c tio n  is on ly  a b o u t 2-3  seco n d s . T h is  is d u e  to  th e  fa c t th a t th e  p a c k e t e r ro r  
p ro b a b ility  is  low . H o w ev e r, co m p arin g  w ith  th e  S A W  p ro to co l, th e  ca ll se t-u p  d e lay  is 
still sign ifican tly  re d u c e d  by  u sin g  th e  M -S R T  an d  M -G B N  (W S > 1 ) p ro to c o ls . F o r
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ex am p le , w h e n  W S  is 3 , th e  call se t-u p  delay  is only 9 seco n d  (M -S R T ) w h ich  is 
th a n  o n e  th ird  o f  th a t u s in g  th e  S A W  p ro to co l.
Window size
F ig u re  5 -1 3  M o b ile  o r ig in a te d  a v e r a g e  c a ll  se t-u p  d e la y  vs. WS (L E 0 6 6 )
Window size
Figure 5-14 Mobile terminated average call set-up delay vs. WS (LE066)
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Window size
F ig u re  5 -1 5  D C C H  c a p a c ity  vs. WS (L E 0 6 6 )
B e c a u se  th e  p o w e r  lim ita tio n  p ro b le m  in  th e  L E O  sy s tem  is n o t as c ritica l as th a t in  th e  
M E O  sy stem s, im p ro v ed  channel B E R  can  b e  ach iev ed  ( T a b le  5 - 1 ) .  In  add itio n , 
b e c a u se  o f  lo w  sa te llite  a ltitu d e , th e  D C C H  tim er is sh o rte r  th an  th a t in  th e  M E O  
sy s te m s . T h u s , it  c a n  b e  e x p e c te d  th a t th e  ca ll se t-u p  delay  in th e  L E O  sy stem s is m u ch  
s h o rte r  th a n  th a t in  th e  M E O  sy stem s. H o w e v e r, th e  p ro p ag a tio n  d e lay  in  L E O  sa te llite  
sy stem s c a n n o t b e  ig n o red . T h u s  th e  D C C H  tim er in  th e  L E O 66 is lo n g e r  th a n  th a t in 
th e  G S M  sy stem . In  L E 0 6 6  sa te llite  sy stem , th e  M -S R T  and  M -G B N  p ro to c o ls  can  
still p ro v id e  m u ch  b e tte r  de lay  p e rfo rm a n c e  th an  th a t u sin g  th e  S A W  p ro to c o l ( F ig u r e  
5 - 1 3 ,5 - 1 4 ) .  S in ce  th e  delay  p e rfo rm a n c e  is significantly  im p ro v ed , th e  D C C H  lo ad  
u s in g  th e  M -S R T  p ro to c o l is  a lso  d ec re a sed  (F ig u r e  5 - 1 5 ) .
A n  ex am p le  o f  m ob ile  o r ig in a te d /te rm in a ted  ca ll se t-u p  delay  u sin g  th e  M -S R T  
p ro to c o l (W S  o f  5 ) in  IC O IO  an d  L E 0 6 6  sa te llite  sy stem s is g iv en  in  T a b le  5 -5 .
5.4 SUMMARY
In  th is  c h a p te r , th e  G S M  link  lay e r p ro to c o l h a s  b een  rev iew ed . T o  sim plify th e  
p ro to c o l  o p e ra tio n , th e  G S M -L A P D m  u ses  th e  S A W  A R Q  sch em e in  th e  
a c k n o w le d g m e n t o p e ra tio n  m ode .
W e  h a v e  in v es tig a ted  th e  feasib ility  o f  ad o p tin g  th e  L A P D m  p ro to c o l a t  th e  sa te llite  
a ir-in te rface . T h e  lon g  p ro p a g a tio n  delay  an d  p o w e r  lim ita tion  p ro b lem s h av e  b een  
a d d re sse d . T h e  sim u la tio n  re su lts  sh o w  th a t th e  call se t-u p  p e rfo rm a n c e  is p o o r  u s in g  
th e  S A W  A R Q  schem e. T h e re fo re , m o d ifica tio n s to  th e  G S M -L A P D m  is n ecessa ry  to  
p ro v id e  th e  d es ired  lin k  la y e r  fu n c tio n s  an d  a  sa tisfac to ry  Q O S a t sa te llite  a ir-in te rface .
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T o  c o p e  w ith  th e  tra n sa c tio n  ty p e  o f  tran sm issio n  o n  th e  D C C H , tw o  p o w e rfu l A R Q  
tech n iq u es: G B N  and  S R T  u se d  in  co n tin u o u s  d a ta  tran sm issio n  sy s tem  w ere  
in v e s tig a te d  an d  m o d ified  fo r  u se  here in . A s a  re su lt, th e  M -G B N  an d  th e  M -S R T  
p ro to c o ls  h av e  b een  p ro p o se d  in  o rd e r  to  re d u c e  th e  call se t-u p  de lay  in  th e  S -P C N s. 
H e n c e  b e tte r  se rv ice  q ua lity  can  b e  p ro v id e d  an d  th e  sa te llite  re so u rc e  co n su m p tio n  
c an  b e  m in im ized . T h e  m o b ile  o rig in a ted  and  te rm in a ted  call se t-u p  de lay  in  th e  L E 0 6 6  
an d  th e  IC O  10 sa te llite  sy stem s a re  e v a lu a ted  v ia  sim ula tions. T h e  call s e t-u p  delays 
u s in g  th e  M -G B N  an d  th e  M -S R T  p ro to c o ls  h av e  b een  exam ined . T h e  cap ac ity  
re q u ire m e n ts  to  th e  D C C H  h a v e  a lso  b e e n  ev a lu a ted .
I t  c an  b e  c o n c lu d e d  th a t b o th  th e  M -S R T  an d  th e  M -G B N  p ro to c o ls  c an  sign ifican tly  
re d u c e  th e  ca ll se t-u p  delay . W h en  th e  ch an n e l co n d itio n  is b a d  and  th e  sa te llite  
p ro p a g a tio n  delay  is lo n g , th e  M -S R T  p ro to c o l is b e tte r  th an  th e  M -G B N  in red u c in g  
th e  ca ll se t-u p  delay . In  ad d itio n , th e  M -S R T  p ro to c o l has a  stab le  an d  lo w e r cap ac ity  
re q u ire m e n t as c o m p a re d  to  th e  M -G B N . B o th  p ro to c o ls  req u ire  la rg e r  w in d o w  sizes 
c o m p a re d  to  th e  G S M  S A W  p ro to c o l (W S = 1 ). H o w e v e r, c o m p a re d  w ith  th e  M -G B N  
p ro to c o l, th e  M -S R T  re q u ire s  m o re  m o d ifica tio n s to  th e  L A P D m  p ro to c o l, su ch  as th e  
n u m b e r o f  tim ers  an d  th e  co n tro l f ie ld  in  th e  fram e  header.
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C h a p t e r  6  
T h e  G S M  S y s t e m  N e t w o r k i n g
T h is c h a p te r  p r o v id e s  th e  te c h n ic a l r e v ie w  o f  th e  G S M  n e tw o rk  
a rch ite c tu re , a n d  in  p a r t ic u la r  th e  s ig n a llin g  s y s te m  a n d  p r o to c o ls .  I t  
a ls o  in tro d u c e s  th e  p r a c t ic e  o f  th e  C C IT T  S ig n a llin g  S ys tem  N o 7  a n d  
d is tr ib u te d  fu n c tio n  s tru c tu re  in  th e  G S M  s ig n a llin g  sy s tem . The  
G S M  s ig n a llin g  s y s te m  w il l  b e  u se d  a s  th e  b a s is  f o r  d e v e lo p in g  a  
s ig n a llin g  s tru c tu re  a n d  p r o to c o l  s e t  to  b e  a p p lie d  in  th e  s a te ll i te  a n d  
G S M  in te g ra tio n  scen a r io .
6.1 INTRODUCTION
T h e  G S M  (G ro u p  S p ec ia l M ob ile ) sy stem  w as d ev e lo p ed  as a  se c o n d  g en e ra tio n  
m o b ile  ra d io  system . T h is  d ig ita l sy stem  p ro v id es  u se rs  w ith  au to m a tic  b o u n d ary -le ss  
ro a m in g  an d  a llow s m o b ile  u se rs  to  b e  c o n n e c te d  to  o th e r  u se rs  (e ith e r fix ed  o r  
m o b ile ) by  access in g  th e  G S M  P L M N  (P ub lic  L a n d  M o b ile  N e tw o rk ) . T h e  firs t G S M  
sy s te m  w a s  in  o p e ra tio n  in  E u ro p e  in  1991 and  since  th en  has sp re a d  to  m any  o th e r  
c o u n trie s , su ch  as A u stra lia , N e w -Z e a lan d , C h in a , th e  U S A , etc.
T h e  G S M  sy stem  a d o p ts  a  T D M A  m u ltip le  access  schem e fo r  th e  m o b ile  access  
n e tw o rk  an d  m ak es  u se  o f  C C IT T  S ignalling  S y stem  N o 7  ( S S I )  to  in te rc o n n e c t th e  
n e tw o rk  en titie s . T w o  fu n d am en ta l se rv ices , te leserv ices an d  b e a re r  se rv ices , are  
p ro v id e d  to  G S M  u se rs . T h e  fo rm e r req u ire s  th e  im p lem en ta tio n  o f  h ig h e r level 
p ro to c o ls  to  e n su re  u se r  to  u se r  co m m u n ica tio n , and  th e  la tte r  ex p lo its  on ly  th e  lo w e r 
lay e r p ro to c o ls  o f  th e  O p en  S y stem  In te rc o n n e c tio n  (O S I). T h e  h igh  level p ro to c o ls  
p ro v id in g  te le se rv ices  in  th e  G S M  sy stem  are  m ainly  d e riv ed  fro m  th e  In te g ra te d  
S e rv ic e  D ig ita l N e tw o rk  (IS D N ). T o  co m m u n ica te  w ith  u se rs  o f  o th e r  w ire line  
n e tw o rk s , e .g . P u b lic  S w itch ed  T e le p h o n e  N e tw o rk  (P S T N ) an d  P a c k e t S w itch ed  
P u b lic  D a ta  N e tw o rk  (P S P D N ), th e  p ro to c o l a d a p ta tio n  m u s t b e  p ro v id e d  b y  th e  
G S M  in te rw o rk in g  fu n c tio n  (IW F ). T h e  lo w e r la y e r  p ro to co ls  are  ind iv idually  d esig n ed  
in  o rd e r  to  a c c o m m o d a te  ra d io  links.
D u rin g  th e  d ev e lo p m e n t o f  th e  G S M  sy stem , m u ch  e ffo rt has b een  d e v o te d  to  th e  
R a d io  R e so u rc e  (R R ) m a n ag em en t an d  th e  M ob ility  M an ag em en t (M M ) fu n c tio n s  to  
p ro v id e  m o b ile  specific  co n tro ls  a p a r t fro m  p ro v id in g  th e  tra d itio n a l tran sm issio n  
co n tro l. T h e  R R  fu n c tio n s a re  lo c a te d  in  th e  B a se  S ta tio n  S u b -sy s tem  (B S S ) an d  th e  
M o b ile  se rv ice  S w itch in g  C e n tre  (M S C ). T h e  p ro to c o ls  u se d  b e tw e e n  th e  B S S  an d  th e  
M S C  a re  n o t  s ta n d a rd  S S 7  p ro to c o ls  b e c a u se  o f  th e  u n iq u e  fe a tu re s  o f  m ob ile  
n e tw o rk s . T h e  M M  fu n c tio n s  are  d is tr ib u ted  am o n g st th e  M S C , V is ito r  L o c a tio n
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R e g is te r  (V L R ), H o m e  L o c a tio n  R e g is te r  (H L R ) and  G a tew ay  M S C  (G M S C ), e tc . 
T h e  s ta n d a rd  S S 7  p ro to c o ls  a re  im p lem en ted  b e tw een  th e se  n e tw o rk  en titie s  to  
im p lem en t th e  m o b ility  and  call m an ag em en t functions.
6.2 GSM NETWORK ARCHITECTURE
T h e  a rc h ite c tu re  o f  th e  G S M  P L M N  is heavily  in fluenced  by  th e  c o n tro l fu n c tio n s 
req u ire d . T h e  co n tro l fu n c tio n s inc lude  n o t on ly  th e  trad itio n a l tran sm iss io n  an d  
sw itch in g  fu n c tio n s , as in  th e  w ire line  te leco m m u n ica tio n  n e tw o rk s , b u t  a lso  th e  rad io  
re so u rc e  (R R ) an d  m obility  m an ag em en t (M M ) fu n c tio n s. B e c a u se  o f  m o b ile  ro am in g  
an d  th e  ra d io  re so u rc e  m an ag em en t req u irem en ts , th e  re la ted  n e tw o rk  fu n c tio n s  a re  
d is tr ib u te d  a m o n g s t G S M  n e tw o rk  en tities  (M S C , B S S , V L R , H L R , G M S C , 
A u th e n tic a tio n  C e n tre  (A u C ) an d  E q u ip m e n t Id en tity  R eg is te r  (E IR )). U s in g  S S 7  to  
rea lise  th e  c o m m u n ica tio n  b e tw e e n  d is tr ib u ted  fu n c tio n s can  en h an ce  th e  fu n c tio n  
m an ag em en t. I t  is a lso  a  v iab le  a p p ro a c h  to  p ro v id e  th e  fea tu re s  an d  se rv ices  to  be  
a d d e d  in  th e  fu tu re . W e  n e e d  f irs t to  d iscu ss  th e  func tiona lity  p ro v id e d  by  each  
n e tw o rk  en tity  b e fo re  w e  s tu d y  th e  G S M  signalling  system . B o th  n e tw o rk  en titie s  and  
in te rfaces  o f  th e  G S M  sy s te m  a re  illu s tra ted  in  F ig u r e  6 -1 .
6.2.1 Mobile Service Switching Centre (MSC)
B e c a u se  o f  its  sw itch in g  capab ility , th e  M S C  ac ts  m ainly as an  IS D N  ex ch an g e  and  
th u s  i t  re p re se n ts  th e  in te rface  b e tw e e n  th e  fixed  and  th e  m obile  n e tw o rk s . T h e  M S C  
re q u ire s  so m e  IW F s. T h e  se rv ices  p ro v id e d  by  th e  IW F s d e p en d  o n  th e  ty p e  o f  u se r  
d a ta  an d  th e  n e tw o rk s  to  w h ich  th e  M S C  in te rfaces . In  th e  m ob ile  c o n te x t, C M  an d  
M M  fu n c tio n s  a re  lo ca ted  in  th e  M S C . T h e  fu n c tio n s  p e rfo rm ed  b y  an  M S C  include:
- lo c a tio n  re g is tra tio n  o f  a  v is itin g  m o b ile  s ta tio n  (M S ) in  the  M S C  asso c ia te d  lo ca tio n  
a re a  (L A );
- lo c a tin g  o f  a  c a lle d  M S  w ith in  a  L A ;
- ca ll ro u tin g  fo r  b o th  m o b ile  o rig in a ted  an d  m o b ile  te rm in a ted  ca lls;
- c o -o rd in a tin g  th e  ra d io  re so u rc e  m an ag em en t, call m an ag em en t an d  ro u tin g  
m a n a g e m e n t fo r  th e  in te r-B S C  an d  in te r-M S C  c a ll h andover,
6.2.2 Home Location Resister (HLR)
T h e  H L R  is basically  a  d a ta b a se  in  w h ich  all re lev an t d a ta  co n ce rn in g  m ob iles o f  a  
P L M N  a re  p e rm an en tly  s to re d  an d  u p d a te d  w h en  necessary . T w o  k in d s o f  th e  u se r  
d a ta  a re  s to re d  in  th e  H L R . O n e  is th e  u se r  p ro file  d a ta  inc lu d in g  u se r  iden tity  
(M S IS D N -M o b ile  S ta tio n  IS D N  n u m b e r an d  IM S I-In te rn a tio n a l M o b ile  S u b sc rib e r 
Id e n tity )  an d  re g is te re d  serv ices. T h e  o th e r  is th e  c u rre n t ro am in g  p o s itio n  w ith in  th e  
n e tw o rk  b e in g  re p re se n te d  by  th e  S S 7  ad d ress  o f  an  M S C /V L R . A  G S M  n e tw o rk
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e n tity  c lo se ly  re la te d  to  th e  H L R  is th e  A u C  (A u th en tica tio n  C en tre ) w h e re  all d a ta  
re le v a n t to  u se r  se c u rity  are  s to re d  fo r  th e  p u rp o se  o f  au th en tica tio n .
i MS
F ig u re  6 -1  G S M  n e tw o r k  e n t i t i e s  a n d  in te r fa c e s
6.2.3 Visitor Location Register (VLR)
T h e  G S M  lo ca tio n  u p d a tin g  p ro c e d u re  is d e s ig n e d  to  c o p e  w ith  th e  ro am in g  ac tiv ity  o f  
th e  M S s. A  V L R  is a  d a ta b a se  re sp o n sib le  fo r  s to rin g  an d  u p d a tin g  th e  m ob ility  re la te d  
in fo rm a tio n , w h ich  is m o re  d e ta iled  th a n  th a t s to re d  in th e  H L R . A  V L R  can  be  
in te g ra te d  w ith  an  M S C  an d  a sso c ia ted  w ith  a  f ix e d  L A .
T h e  lo c a tio n  u p d a tin g  p ro c e d u re  is tr ig g e re d  by  an M S  w h en  a  n ew  cell is  se lec ted . I f  
th e  n ew  ce ll is w ith in  th e  o ld  L A , only  th e  re c o rd  in th e  V L R  is u p d a te d . I f  th e  ch an g e  
o f  L A  is d e te c te d , th e  re g is tra tio n  p ro c e d u re  w ith  a  new  V L R  is p e rfo rm e d . T h is
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p ro c e d u re  in c ludes a llo ca tin g  a  ro am in g  n u m b er to  th e  M S  an d  s ignalling  to  th e  H L R  
th e  ro u tin g  in fo rm a tio n  (V L R  ad d re ss). T h is  a llow s a  m obile  te rm in a te d  call to  b e  
q u ick ly  ro u te d  to  th e  c o rre c t sw itch in g  p o in t d u rin g  th e  ca ll se t-u p  p h ase .
6.2.4 Base Station Subsystem  (BSS)
T h e  B S S  is th e  rad io  access  p o in t to  th e  G S M  P L M N  fo r a ll M S ’s p o s itio n e d  w ith in  its 
ra d io  c o v e ra g e . A cco rd in g  to  th e  traffic  p a tte rn , every  B S S  is a ss ig n ed  a  sem i­
p e rm a n e n t s e t  o f  T D M  ca rrie rs . T h e  lo g ica l rad io  channels are  m a p p e d  o n to  physica l 
T D M A  ch an n e ls  fo r  s ig n a llin g  and  tra ffic  p u rp o ses . T h e  B S S  in c lu d es tw o  en tities: T h e  
B a se  T ra n sc e iv e r  S ta tio n  (B T S ) th a t fu n c tio n s  as a  rad io  tra n sc e iv e r an d  th e  B ase  
S ta tio n  C o n tro lle r  (B S C ) th a t p e rfo rm s ra d io  channel c o n tro l fu n c tio n s. T h e  B T S  and  
B S C  are  fo lly  c o -o p e ra tiv e  in  a lm o s t ev ery  func tion : th e  B T S  p e rfo rm s  th e  ex ecu tio n  
an d  th e  B S C  th e  co n tro l m a n a g e m e n t fu n c tio n s .
B T S  fu n c tio n s  inc lude:
- R ad io  tran sm iss io n  a n d  recep tio n ;
- A ll th e  s ig n a l p ro c e ss in g  sp ec ific  to  th e  rad io  in terface.
B S C  fu n c tio n s  inc lude:
- R a d io  ch an n e l a lloca tio n ;
- L in k  su p e rv is io n  an d  p o w e r co n tro l;
- A d m in is tra tio n  o f  th e  rad io  ch an n e l con fig u ra tio n ;
- S ig n a llin g  ch an n e l m an ag em en t an d  m essag e  schedu ling ;
- In tra -c e ll h an d o v er;
- T ra n sc o d e r/ra te  ad ap te r;
- T ra n sm iss io n  n e tw o rk  (P u lse  C o d e  M o d u la tio n  (P C M ) lin k s  b e tw e e n  B S C  
an d  B T S ) m an ag em en t;
- T ra n sp a re n t fu n c tio n  fo r  c o n v e y in g  th e  D ire c t T ran sfe r  A p p lic a tio n  P a rt 
(D T A P ) m essag es  re la te d  to  th e  ca ll co n tro l an d  m o b ility  m a n a g e m e n t 
p ro c e d u re s  b e tw e e n  M S C  an d  M S .
6.2.5 Gateway Mobile Service Switching Center (GMSC)
T h e  G M S C  is th e  access  p o in t fro m  fix ed  n e tw o rk s  (e .g ., P S T N , IS D N ) to  th e  G S M  
P L M N . T h e  sw itch in g  fu n c tio n  in  a  G M S C  p ro v id es  call ro u tin g  b e tw e e n  ex te rn a l 
n e tw o rk s  an d  th e  G S M  M S C . A  G M S C  also  u ses  th e  S S 7  signalling  links to  
c o m m u n ic a te  w ith  o th e r G S M  n e tw o rk  e n titie s  (e .g . H L R ). W h en  a  m o b ile  te rm in a tin g  
ca ll a rriv es  a t a  G M S C , th e  ro u tin g  in fo rm atio n  is fe tch ed  fro m  th e  H L R . T h e  
in co m in g  call is th en  d ire c te d  to  a  M S C /V L R  to  w h ich  th e  call d e s tin a tio n  p a rty , an 
M S , is  reg is te red .
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T h e  G S M  n e tw o rk  u se s  th e  S S 7  s ig n a llin g  sy s tem  to  estab lish  th e  co n n ec tio n s  b e tw een  
n e tw o rk  en tities . T h e  O S I 7 -lay e r m o d e l a d o p te d  in  th e  S S 7  signalling  sy s tem  is u se d  
to  g ro u p  fu n c tio n s  th a t m ay  b e  d is trib u ted  a m o n g s t se p a ra te d  n e tw o rk  en titie s  in 
fu n c tio n  p lan es , re p re se n te d  as o n e  p lan e  s ta c k e d  u p o n  an o th e r. E a c h  lay e r in  a  
n e tw o rk  en tity  (e .g . B S C ) is ab le  to  co m m u n ica te  w ith  th e  c o rre sp o n d in g  lay e r in 
a n o th e r  n e tw o rk  en tity  (e .g . M S C ) u sin g  th e  se rv ices p ro v id ed  by  th e  lo w e r layers. 
S igna llin g  fo rm a ts  an d  p ro c e d u re s  th a t a re  genera lly  d e s ig n a ted  as s ignalling  p ro to c o ls  
are  d e fin e d  to  a llo w  c o m m u n ica tio n  b e tw e e n  c o rre sp o n d in g  lay ers .
6.3.1 CCITT Signalling System No. 7
T h e  S S 7  is a  m o d e rn  c o m m o n  channe l signalling  sy stem  [K U H 9 4 ]. A  sim plified  S S 7  
signalling  n e tw o rk  a rc h ite c tu re  [M A N 9 1 ] is sh o w n  in F ig u r e  6 - 2 .  T h e  trad itio n a l 4 - 
lay e r s tru c tu re  has b een  spec ified  fo r  th e  c ircu it-re la ted  calls, e .g . th e  te le p h o n e  u se r  
p a r t- (T U P )  in  th e  P u b lic  S w itch in g  T e lep h o n e  N e tw o rk  (P S T N ). T h e  O S I 7 -lay e r 
m o d e l h a s  b een  sp ec ified  to  su p p o rt th e  n o n -c ircu it-re la ted  ap p lica tio n s in  a d d itio n  to  
th e  c irc u it-re la te d  calls. T h e  p ro to c o ls  o f  th e  S ignalling  C o n n ec tio n  C o n tro l P a r t  
(S C C P ), T ra n sa c tio n  C apab ility  A p p lica tio n  P a r t  (T C A P ) and  T ra n sa c tio n  C apab ility  
(T C ) a re  d e fin ed  in  th e  O S I m o d e l as p ro v id in g  fu n c tio n s su p p o rtin g  n o n -v o ice  calls, 
a d v a n c e d  IS D N  an d  In te llig e n t N e tw o rk  (IN ) se rv ices .
F ig u re  6 -2  C C IT T  s ig n a llin g  n e tw o rk  a rc h ite c tu re  
6.3.1.1 Message Transfer Part
In  e a c h  signalling  p o in t, physica l lay er (L I ) ,  d a ta  link  lay er (L 2) an d  n e tw o rk  layer 
(L 3) m a k e  u p  th e  M essag e  T ra n sfe r  P a r t  (M T P ). T h e  M T P  is re sp o n sib le  fo r  reliab ly  
tra n sfe rr in g  m essag es  fro m  o n e  signalling  p o in t to  an o th e r in  th e  c irc u it-re la te d  
ap p lica tio n s. T h e  L I  d efin es  th e  p h y sica l, e lec trica l an d  fu nc tiona l c h a rac te ris tic s  o f  th e  
s ig na lling  link . T h e  L 2  is re sp o n sib le  fo r  th e  re liab le  tran sfe r  o f  signalling  in fo rm atio n
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b e tw e e n  tw o  d irec tly  co n n ec ted  s ig n a llin g  p o in ts . T h e  L 2  fu n c tio n s ca n  b e  e x p la in e d  b y  
th e  fie ld s w ith in  th e  m essag e  un it. A s sh o w n  in  Figure 6-3, th e  flag  ac ts  as th e  fram e 
de lim ite r, w h ich  ap p ea rs  a t  th e  beg in n in g  an d  e n d  o f  each  signal u n it. T h e  signal 
in fo rm a tio n  fie ld  (S IF ) is th e  on ly  fie ld  in  an  L 2  m essag e  defined  by  th e  L 3  fu n c tio n . 
T h e  fie ld s o f  se q u e n c e  n u m b ers  an d  ind ica tio n s (B S N , B IB , F S N , F IB ) a re  u se d  in th e  
e r ro r  c o rre c tio n  p ro c e d u re s . T h e  de ta ils  o f  th e  e r ro r  c o rre c tio n  p ro c e d u re s  w e re  
d isc u sse d  in  C h a p te r  5. T h e  len g th  in d ic a to r (L I) g ives th e  len g th  o f  th e  signal un it. 
F u rth e rm o re , w h en  a  m essag e  a rriv es  a t  its d estin a tio n , th e  se rv ice  in fo rm atio n  o c te t  
(S IO ) is  u se d  by  th e  d is trib u tio n  fu n c tio n  in a  se rv ice  p o in t (S P ) to  d e te rm in e  th e  u se r  
to  w h o m  th e  m e ssa g e  is  ad d ressed .
L 3  p ro v id e s  th e  n e tw o rk  fu n c tio n  fo r  c irc u it-re la te d  app lica tions. T h e  L 3  fu n c tio n s  a re  
c la ssified  in to  tw o  fu n c tio n s: s ignalling  m essag e  hand ling  an d  signalling  n e tw o rk  
m an ag em en t. T h e  la tte r  in c ludes n e tw o rk  reco n fig u ra tio n  in  re sp o n se  to  th e  s ta tu s  
ch a n g e s  in  th e  n e tw o rk . T h e  fo rm e r co n sis ts  o f  th e  m essag e  ro u tin g , d isc rim in a tio n  and  
d is tr ib u tio n  fu n c tio n s. T o  h an d le  th e  m essag e  ro u tin g , a  ro u tin g  label (F ig u r e  6 - 3 ) is 
a ss ig n e d  as a  L 3  h ead er. T h e  signalling  link  se lec tio n  (S L S ) fie ld  in  th e  ro u tin g  label is 
u se d  to  in d ica te  th e  ch o sen  lin k  an d  p e rfo rm  th e  lo ad  sharing . S igna lling  ro u tin g  is 
p e rfo rm e d  b y  a n a ly s in g  th e  d es tin a tio n  p o in t co d e  (D P C ).
8 16 8n,n>2 8 2 6 1 7  1 7  8
length
indicator
p a ra m e te r
n am e
Flag C heck SIF SIO S p a re Ll FIB FSN BIB BSN Flag
p a ra m e te r
256*8 8
Originating 
point co d e
D estination 
point c o d e
routing labelm e s s a g e  type
BSN: backw ard sequence num ber SIF: Signalling information field
B IB : backw ard indicator bit LI: length indicator
FSN: forw ard sequence num ber SIO: service information octet
FIB: forw ard indicator bit
F ig u re  6 -3  F o rm a t o f  a  L 2, L 3  s ig n a l u n it 
6.3.1.2 Signalling Connection Control Part (SCCP)
T o  a llo w  th e  n o n -c irc u it-re la te d  tra n sfe r  o f  d a ta  acro ss  th e  n e tw o rk , th e  S C C P  is 
ad d e d  on to p  o f  th e  M T P  to  p ro v id e  an  eq u iv a len t n e tw o rk  se rv ice  in  th e  O S I m odel. 
T h e  S C C P  m essag es  m a k e  u se  o f  a  lo ca l re fe ren ce  n u m b er rep lac in g  th e  c irc u it id en tity  
c o d e  (u se d  in  c irc u it-re la te d  ap p lica tio n s, e .g . T U P ) to  p ro v id e  se rv ices  to  th e  n o n ­
c irc u it re la te d  ap p lica tio n s.
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F u rth e rm o re , th e  S C C P  o ffe rs  e n h an ced  ad d re ss in g  cap ab ility  in  ad d itio n  to  th e  ro u tin g  
labe l p ro v id e d  by  th e  L 3 . T h e  ca lled  p a rty  ad d ress  (F ig u r e  6 - 4 )  in c lu d ed  in  an  S C C P  
h e a d e r  co n sis ts  o f  th e  signalling  p o in t c o d e  (S P C ), su b sy stem  n u m b e r (S S N ) an d  
g lo b a l title  (G T ). T h e  “ad d ress  in d ic a to r” sh o w s th e  ty p e  o f  ad d re ss  in fo rm atio n  
c o n ta in e d  in  th e  ad d ress  fie ld . T h e  S P C  h as th e  sam e fo rm a t as th e  d e s tin a tio n  p o in t 
c o d e  (D P C ) p ro v id e d  in  th e  ro u tin g  label. T h e  S S N  is u se d  to  iden tify  th e  S C C P  u se r  
fu n c tio n s . T h e  G T  is an  ad d ress  p lan  d efin ed  in  C C IT T  E .1 6 4  [E 1 6 4 ]. C o m p a re d  to  
th e  S P C  w h ich  is re s tr ic te d  to  o n e  n e tw o rk , th e  G T  p ro v id es  an  ad d re ss  m ech an ism  
b e tw e e n  d iffe ren t n e tw o rk s . T h e  S C C P  p ro v id es  a  tran sla tio n  fu n c tio n  in  th e  serv ice  
p o in ts  th a t c o n v e rts  a  G T  in to  an  S P C .
M o re o v e r , tw o  k in d s o f  se rv ices  a re  p ro v id e d  b y  th e  S C C P : co n n ec tio n le ss  and  
c o n n e c tio n -o rien te d  se rv ices. T h e  fo rm e r tran sfe rs  d a ta  w ith o u t estab lish in g  a 
c o n n e c tio n , w h e re a s  th e  la tte r  req u ire s  th a t a  c o n n ec tio n  b e  es tab lish ed  a n d  m ain ta in ed  
d u rin g  th e  tran sac tio n .
M e ssa g e  ty p e 1
P ro to c o l c la ss 1
P o in te rs 3 o c te ts
P a ra m e te r  len g th 3 o c te ts
c a lle d  p a r ty  ad d ress 4
ca llin g  p a rty  ad d ress 2
D a ta 2  to  X
A d d ress  in d ica to r 1 o c te t
S ig n a llin g  p o in t c o d e  (S P C ) 2  o c te t
S u b sy stem  n u m b e r (S S N ) 1 o c te t
G lo b a l  T it le  ( G T ) 1 6 - 3 2
Figure 6-4 SCCP message format
6.3.1.3 Transaction Capability Application Part (TCAP)
F o r  th e  n o n -c irc u it-re la te d  u se r  ap p lica tio n s , th e  tran sac tio n  cap ab ility  (T C ) is sp ec if ied  
to  o ffe r  g en e ra l s ta n d a rd ise d  p ro to c o l fu n c tio n s estab lish ing  co m m u n ica tio n s  b e tw e e n  
d is tr ib u te d  n e tw o rk  en tities . T h e  tran sac tio n  capab ility  ap p lica tio n  p a r t  (T C A P ) 
p ro v id e s  a  gen era l an d  c o m m o n  p ro to c o l fo r  th e  tra n sfe r  o f  in fo rm atio n  b e tw e e n  tw o  
n o d es . T h e  se rv ices  p ro v id e d  b y  th e  M T P  an d  S C C P  are  u se d  by th e  T C A P  to  tran sfe r  
m essag es . T h e  u se  o f  th e  T C A P  in  th e  S S 7  n e tw o rk  is m ain ly  fo r  su p p o rtin g  
tra n sa c tio n s  b e tw e e n  d a tab ases  an d  ex ch an g es. T h e  M o b ile  A p p lica tio n  P a r t  (M A P ) 
u se d  in  th e  G S M  sy s tem  is an  im p o rta n t ap p lica tio n  o f  th e  T C A P  to  su p p o r t m obile  
ro a m in g  in  th e  m o b ile  n e tw o rk s.
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T C A P
Component
Transaction
A
V---------
Invoke 
re jec t
retu rn  resu lt 
re tu rn  error
T C A P
Component
Transaction
begin, continue, end
Figure 6-5 Structure o f TCAP
T h e  T C A P  co n sis ts  o f  a  tra n sa c tio n  su b -lay e r an d  a  c o m p o n en t su b -lay e r as sh o w n  in 
F ig u r e  6 - 5 .  T h e  tra n sa c tio n  su b -lay e r is re sp o n sib le  fo r  estab lish ing  an d  m ain ta in ing  
th e  c o n n e c tio n  b e tw e e n  tw o  n o d es. T h re e  m essag e  types, beg in , c o n tin u e  an d  en d , a re  
d e fin ed  in  th e  tra n sa c tio n  su b -layer. T h e  c o m p o n e n t su b -lay e r is re sp o n sib le  fo r  
re q u e s tin g  ac tio n s a t a  re m o te  n o d e  an d  re p o rtin g  th e  re su lt o f  su ch  ac tio n s . S ev era l 
co m p o n e n ts  (in v o k e , re tu rn  re su lt, re tu rn  e r ro r  and  re jec t)  d e fin ed  in th e  c o m p o n e n t 
su b -lay e r a re  ca rr ie d  by  th e  tra n sa c tio n  m essag es. T C A P  m essag es  c o n s is t o f  
in fo rm a tio n  e lem en ts  w h ich  h av e  th e  gen era l fo rm a t o f  tag /len g th /co n ten ts .
6.3.2 GSM  Signalling System
T h e  G S M  signalling  sy s tem  is b a se d  o n  th e  C C IT T  S S 7  s tru c tu re . T h e  L 2  p ro to c o ls  
w e re  in tro d u c e d  in  C h a p te r  5. T h e  M T P 3  an d  S C C P  p ro to c o ls  a re  em p lo y ed  to  
im p lem en t n e tw o rk  lay er fu n c tio n s fo r  th e  ca rry in g  o f  signalling  m essag es  re la te d  to  
th e  m ob ility  m an ag em en t, rad io  re so u rc e  (R R ) m an ag em en t an d  call c o n tro l fu n c tio n s 
b e tw e e n  n e tw o rk  en titie s . T o  d is tin g u ish  b e tw e e n  th e  v a rio u s tran sac tio n s , th e  n e tw o rk  
lay e r fu n c tio n  m u s t m ain ta in  th e  c o rre sp o n d e n c e  b e tw een  physica l ch an n e ls  an d  th e  
S C C P  tra n sa c tio n  re fe ren ce . T h e  M A P  is an  ap p lica tio n  th a t m ak es u se  o f  th e  T C A P  
to  re a lise  m o b ility  m an a g e m e n t w ith in  G S M  ne tw orks.
W e  d iv id e  th e  G S M  n e tw o rk  en titie s  in to  tw o  g ro u p s  acco rd in g  to  th e  fu n c tiona lity  
p ro v id e d  an d  th e  s ig n a llin g  p ro to c o ls  a d o p ted  (F ig u r e  6- 6) . T h e  B T S , B S C  and  p a r t  o f  
M S C , re fe rre d  to  as th e  m o b ile  side n e tw o rk , a re  m obile  specific  n e tw o rk  (F ig u r e  6- 
6a )  en titie s  as fa r  as th e  ra d io  re so u rc e  m an ag em en t fu n c tio n  is c o n ce rn ed . T h e  R R  
m a n a g e m e n t is m ain ly  c o n tro lle d  by  th e  B S C  and  e x e c u te d  by  th e  B T S . T h e  c o ­
o rd in a tio n  is th e  re sp o n sib ility  o f  th e  M S C . S ignalling  p ro to c o ls , R IL 3 -R R , G S M 0 8 .5 8  
an d  B S S A P  are  spec ified  resp ec tiv e ly  fo r  th e  D m  (rad io  in te rface), A b is  an d  A  
in te rfaces . T h e  m obility  m an ag em en t (M M ) an d  ca ll m an ag em en t (C M ) serv ices  can  
on ly  b e  p ro v id e d  w ith  th e  e stab lish ed  R R  co n n ec tio n s. S ince  th e  R R  co n n ec tio n s  o n  
d iffe ren t in te rfaces are  e s tab lish ed  u s in g  d iffe ren t p ro to c o ls , a  n e tw o rk  fu n c tio n  is
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re q u ire d  to  m ain ta in  th e  c o rre sp o n d e n c e  b e tw e e n  th ese  co n n ec tio n s. T h e  H L R , V L R  
an d  th e  p a r t  o f  th e  M S C  in v o lv ed  in  th e  n e tw o rk  side m obility  m an a g e m e n t a re  k n o w n  
as th e  S S 7  n e tw o rk  (F ig u r e  6- 6b ) w h ich  is co n n e c te d  v ia  s ta n d a rd  in te rfaces . T h e  
in te rfaces  a re  sp ec ified  v ia  th e  m ob ile  ap p lica tio n  p a r t  (M A P ) th a t u se s  th e  tran sac tio n  
cap ab ility  ap p lica tio n  p a r t  (T C A P ) o f  S S 7 . In  th is  sec tio n , w e  d iscu ss  th e  n e tw o rk  
la y e r  fu n c tio n s  in  th e  m o b ile  s id e  n e tw o rk  an d  th e  M A P  p ro to co ls  e m p lo y e d  in  th e  S S 7  
n e tw o rk , as w ell as th e  m essag e  lay e r p ro to c o ls  [R A H 9 3 ]. T h e  la tte r  d ea ls  m ain ly  w ith  
th e  ra d io  re so u rc e  m an ag em en t (R R ), m obility  m an ag em en t (M M ) an d  c o n n ec tio n  
m an a g e m e n t (C M ) fu n c tio n s. U n d e rs tan d in g  o f  th e se  fu n c tio n s an d  p ro to c o ls  is very  
im p o rta n t so  th a t  w e  m ay  fu r th e r  in v es tig a te  th e  signalling  n e tw o rk  an d  p ro to c o ls  u se d  
in  th e  in te g ra te d  sa te llite  an d  G S M  system .
RIL3-CM
RIL3-MM
RIL33-RR
LAPDm
L1
DTAP
RIL33-RR GSM08.58
LAPDm LAPD
L1 L1
GSM08.58 BSSAP
SCCP
LAPD
MTP
L1
BSSMAP
RIL3-CM
RIL3-MM
BSSAP
SCCP
MTP
a. M o b ile  s id e  n e tw o rk
(M A P I)£
TCAP
SCCP
(map/d) 
(map/b) f======  ^(map/b)
( map/g)  £
TCAP
SCCP
( map/c)
TCAP
SCCP
MTP
$ ( map/d)  
$ ( map/c)
TCAP
SCCP
MTP
$ ( map/e)
( map/b)
TCAP
SCCP
MTP
■j ( map/g)
$ ( map/d)
$ ( map/b)
b. S S 7  n e tw o rk  
Figure 6-6 GSM signalling architecture
TCAP
SCCP
MTP
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6.3.2.1 Nebvork Layer Function in Mobile Side Network
T h e  n e tw o rk  la y e r  is sp e c if ie d  to  p e rfo rm  th e  signalling  ro u tin g  an d  signalling  n e tw o rk  
m a n a g e m e n t fu n c tio n s . A  c o m m o n  signalling  ro u tin g  fu n c tio n  in  th e  G S M  sy stem  
[G S M 0 4 .0 8 ] is p ro v id e d  b y  th e  p ro to c o l d isc rim in a to r (P D ) an d  tra n sa c tio n  iden tifie r 
(T l)  w h ich  a re  m an d a to ry  e lem en ts  in each  L 3  m essag e  tran sm itted  th ro u g h  th e  D m ,  
A b is an d  A  in te rface . T h e  p u rp o se  o f  P D  is to  d istingu ish  m essag es  o f  d iffe ren t 
p ro c e d u re s , i.e . th a t  o f  th e  ca ll co n tro l, th e  m obility  m an ag em en t an d  th e  rad io  
re so u rc e  m an ag em en t, e tc . T h e  T l  is u se d  to  d is tingu ish  m u ltip le  p ara lle l tra n sa c tio n s  
w ith in  o n e  M S .
6 .3 .2 .1 .1  A b is  In te rface
T h e  in te rface  b e tw e e n  B T S  and  B S C  is d efined  as th e  A b is  in te rface  
( [G S M 0 8 .5 1 ,5 2 ,5 4 ,5 6 ,5 8 ] , [M O U 9 4 ]). T h e  fu n c tio n a l d iv ision  b e tw e e n  B T S  and  B S C  
is g iv en  so  th a t  all th e  ch an n e l c o n tro l fu n c tio n s a re  p e rfo rm ed  by  th e  B S C  w h ils t th e  
B T S  p ro v id es  th e  channel re la te d  p a ra m e te rs  fo r  th e  B S C  to  m ak e  dec is io n s an d  
e x e c u te  co m m an d s  rece iv ed  fro m  th e  B S C . T h e  L I  o n  th e  A bis in te rface  w ill u tilise  
d ig ita l tran sm iss io n  a t  a  ra te  o f  2 .0 4 8 M b it/sec . T h e  signalling  s tre a m  is tra n sm itte d  in  a  
6 4 k b it/se c  tim e  slo t. T h e  L 2  u ses  th e  L A P D  link  p ro to c o l. A n  in fo rm atio n  fie ld  o f  a  L 2  
m e ssa g e  is a llo w e d  to  in c lu d e  a  m a x im u m  o f  2 6 0 -o c te t L 3 m essage .
T h e re  a re  th re e  in fo rm atio n  e lem en ts  th a t p ro v id e  th e  add ressin g  m ech an ism  in  A bis 
L 3  m essag es . A s sh o w n  in F ig u r e  6 - 7 ,  th e  “m essag e  d isc rim in a to r” e lem en t is o n e  
o c te t  lo n g . O n e  b it is u se d  to  d istin g u ish  b e tw e e n  tra n sp a re n t and  n o n -tra n sp a re n t 
m e ssa g e s . T h e  tra n sp a re n t m e ssa g e s  a re  m e re ly  fo rw a rd e d  to  L 2  o n  th e  ra d io  in te rface , 
w h e re a s  th e  n o n -tra n sp a re n t m essag es  a re  on ly  sen t b e tw een  th e  B S C  an d  B T S . T h e  
rem ain in g  sev en  b its  a re  u se d  to  g ro u p  th e  m essag es  in to  fo u r  g ro u p s: rad io  lin k  layer 
m a n ag em en t, d e d ic a te d  ch an n e l m an ag em en t, co m m o n  channel m a n ag em en t and  
tra n sc e iv e r  (T R X ) m a n a g e m e n t m essag es . T h e  “C h an n e l n u m b er” e le m e n t su p p o rts  th e  
d is tr ib u tio n  o f  m essag es  to  re le v a n t physica l rad io  channels o n  th e  T R X . T h e  “L in k  
id en tifie r” e lem en t w h ich  is on ly  u se d  in  th e  rad io  link  lay e r m a n ag em en t re la te d  
p ro ced u res  d is tin g u ish  th e  lo g ica l s ig n a llin g  links o n  th e  rad io  in te rface.
Info rm ation  e le m e n t L eng th
M e s s a g e  d isc rim in a to r 1
M e s s a g e  ty p e 1
C h a n n e l n u m b e r 2
Link identifier 2
Figure 6-7 General form at ofL3 header at the Abis intefface
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T o  c o m p le te  th e  ad d ress in g  issu e , w e  h e reb y  briefly  in tro d u ce  th e  ad d ress in g  m e th o d s  
u s e d  b y  th e  L 2  p ro to c o l o n  th e  A bis in te rface . In  a  B T S , a  tra n sc e iv e r (T R X ) is an  
en tity  su p p o rtin g  tran sm issio n  and  re c e p tio n  o n  a  T D M A  carrie r. O n e  o r  m o re  T R X s 
m ay  b e  in c lu d ed  in  a  B T S  d ep en d in g  o n  th e  tra ffic  capac ity  req u ired . In  ad d itio n , th e re  
is a  b a se  c o n tro l fu n c tio n  (B C F ) en tity  hand ling  co m m o n  c o n tro l fu n c tio n s  like 
freq u en cy  h o p p in g  seq u en ces , tim e  b a se , e tc ., in  a  B T S . T h e  T erm in a l E n d p o in t 
Id en tif ie r  (T E I) in  th e  L 2  h e a d e r  is a d o p te d  to  ad d ress  d iffe ren t physica l en titie s , such  
as T R X s  o r  B C F , in a  B T S , as sh o w n  in F ig u r e  6- 8. A  p hysica l en tity  no rm ally  has 
m o re  th a n  o n e  fu n c tio n a l en tities . T h e  log ica l links to  d iffe ren t fu n c tio n  en titie s  are  
d is tin g u ish e d  u s in g  th e  S e rv ice  A c cess  P o in t Id e n tif ie r  (S A P I) ( T a b le  6 - 1 ) .
TE 11
TEI 2
TEI 3
TEI 4
TEI 65
Figure 6-8 Layer 2 logical links at Abis interface
SA PI Signalling procedures for different function entities
0 Radio signalling
62 Operation and m aintenance
63 Layer 2 managem ent
Table 6-1 Distinction o f different function entities in a physical entity 
6 .3 .2 .1 .2  A  In te rfa c e
T h e  n e tw o rk  fu n c tio n s p ro v id e d  by  th e  M T P 3  on  th e  A  in te rface  ([G S M 0 8 .0 6 ,0 8 ] , 
[M O U 9 4 ]) h av e  b een  sim plified  b e c a u se  o f  th e  p o in t to  p o in t co n n e c tio n  b e tw e e n  a  
B S C  an d  a  M S C . T h e  signalling  ro u tin g  fu n c tio n  is n o t  su p p o rted . T h e  B S C  (o r  M S C ) 
on ly  ac c e p ts  m essag es  if  th e  d e s tin a tio n  p o in t c o d e  (D P C ) in  th e  ro u tin g  label 
ad d re sse s  itse lf.
T h e  a im  o f  th e  S C C P  fu n c tio n  is to  ach iev e  th e  m an ag em en t o f  th e  M S  re fe ren ces  o n  
th e  A  in te rface . A  su b se t o f  S C C P  fu n c tio n s im p lem en ted  in  G S M  is fu lly  co m p a tib le  
w ith  th e  C C IT T  S C C P  fu n c tio n s. T h e  ca lled  p a rty  ad d ress  inc ludes th e  su b sy s tem  
n u m b e r  (S S N ) to  d istingu ish  m essag es  a d d re sse d  to  th e  ap p lica tio n s, su ch  as th e
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O A & M  fu n c tio n , B S S M A P  an d  D T A P  ap p lica tio n  p a rt. T h e  G T  is n o t  n ecessa ry  
b e c a u se  o f  th e  p o in t to  p o in t c o n n ec tio n  b e tw e e n  th e  B S C  an d  th e  M S C . T h e  S C C P  
su p p o r ts  tw o  m e th o d s  o f  signal co m m u n ica tio n : th e  co n n ec tio n  o r ie n te d  m e th o d  and  
th e  c o n n e c tio n le ss  m eth o d .
T h e  c o n n e c t i o n  o r i e n t e d  m o d e  req u ire s  in d ep en d en t co n n ec tio n s  to  b e  se t u p  w ith  
ind iv idual M S s. M essag es  a re  c o rre la te d  by  u s in g  a  lo ca l-re fe ren ce  n u m b er a llo ca ted  
by  th e  n o d es  in v o lv ed  in th e  c o n n ec tio n . F o r  each  call m an ag ed  b y  a  B S S , a  
c o rre sp o n d in g  S C C P  co n n ec tio n  is e s tab lish ed  o n  th e  A -in te rface . T h e  B S C  m an ag es 
th e  o n e - to -o n e  c o rre sp o n d e n c e  b e tw e e n  m essag es (labelled  w ith  a  g iv en  physica l 
ch an n e l n u m b er) fro m /to  th e  B T S  and  m essag es  (labelled  w ith  a  g iven  S C C P  
c o n n e c tio n ) to /fro m  th e  M S C , w h ile  th e  M S C  m an ag es each  S C C P  c o n n ec tio n  
c o rre sp o n d in g  to  an  in d iv id u a l M S .
T h e  c o n n e c t i o n le s s  m o d e  en ab les  m essag es  to  b e  tran sfe rred  b e tw e e n  tw o  n o d es  
w ith o u t estab lish in g  a  c o n n ec tio n . T h e  O A & M  m essag es an d  th e  B S S M A P  m essag es 
th a t  d o  n o t p e r ta in  to  any  specific  ca lls a re  tran sfe rred  u s in g  th e  co n n ec tio n less  
m e th o d .
T h e  s ignalling  m essag es  h an d led  by  th e  B S S  app lica tio n  p a r t  (B S S A P ) o n  th e  A  
in te rfa c e  a re  d iv id e d  in to  tw o  g roups:
•  D ire c t tra n s fe r  m essag es  b e tw e e n  M S C  an d  M S  tran sp aren tly  co n v e y e d  b y  B S C . 
T h e se  a re  ca ll c o n tro l an d  m obility  m an ag em en t m essag es w h ich  a re  h an d led  by 
D ire c t T ra n s fe r  A p p lic a tio n  P a r t (D T A P );
•  B S S  m a n ag em en t m essag es  b e tw e e n  M S C  an d  B S S . T h ese  m essag es m an ag ed  by 
th e  B S S  m an ag em en t ap p lica tio n  p a r t  (B S S M A P ) are  u se d  to  p e rfo rm  re so u rc e  
m a n a g e m e n t an d  h a n d o v e r  co n tro l p ro ced u res .
Discrimination parameter
Data Link Connection 
Identification (DLCI)
Figure 6-9 The distribution function above the SCCP
A  d is trib u tio n  fu n c tio n  a b o v e  th e  S C C P  is re q u ire d  to  d isc rim ina te  b e tw e e n  th e  tw o  
s ig na lling  g ro u p s . T h e re fo re  all th e  S C C P  m essag es on  th e  A  in te rface  co n ta in  a 
d is tr ib u tio n  d a ta  u n it, ind ica tin g  w h e th e r  th e  m essag e  is a  B S S M A P  o r  a  D T A P  
m essag e  ( F ig u r e  6 - 9 ) .  T h e  d is trib u tio n  d a ta  u n it  in  th e  B S S M A P  m essag es  only  
c o n s is ts  o f  th e  d isc rim in a tio n  p a ra m e te r  (1 o c te t) , w h ich  is s e t  to  b e  n o n -tra n sp a re n t 
(D = 0 ). T w o  p a ra m e te rs  are  d e fin e d  in  th e  d is tr ib u tio n  d a ta  u n it in  th e  D T A P  m essag es. 
T h e  d isc rim in a tio n  p a ra m e te r  is se t to  b e  tra n sp a re n t (D = l)  and  th e  d a ta  link
0 0 0 0 0 0 0 D
0 0 0 0 0 0 SAPI
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c o n n e c tio n  iden tifica tio n  (D L C I) p a ra m e te r  (1 o c te ts )  g ives th e  S A P I in d ica tin g  th e  
ty p e  o f  d a ta  lin k  c o n n e c tio n  to  b e  u se d  o v e r th e  rad io  in te rface .
63.2 .2  SS7 Network in GSM System
T h e  s ignalling  m essag es ex ch an g ed  b e tw een  n e tw o rk  en tities (H L R , V L R , M S C  an d  
G M S C , e tc .)  co n fo rm  to  th e  s ta n d a rd  S S 7  p ro to c o ls  b ecau se  th ey  a re  n o t  as m obile  
sp ec ific  as th o se  b e tw e e n  B T S , B S C  an d  B S S  s id e  M S C .
6 .3 .2 .2 .1  A d d ress in g  an d  R o u tin g
B e tw e e n  th e  H L R , V L R , M S C  a n d  G M S C s, th e  ad d ress  and  ro u tin g  fu n c tio n s a re  
p ro v id e d  b y  th e  S C C P  in  S S 7 . T h e  ad d ress  in fo rm atio n  is ca rr ie d  by  th e  S C C P  
m essag es . T h e  ro u tin g  in fo rm atio n  (S P C  o r  G T ) can  b e  d e riv ed  fro m  e ith e r  th e  
M S IS D N  n u m b er o r  th e  G S M  su b sc rib e r n u m b er (IM S I) u sin g  th e  S C C P  tran s la tio n  
fu n c tio n . I f  a  s ignalling  tran sm iss io n  is w ith in  a  na tio n a l sco p e , th e  S C C P  w ill u se  a  
S P C  to  ro u te  th e  m essag es . W h e n  th e  s ig n a llin g  ro u tin g  ex ceed s th e  n a tio n a l b o u n d a ry , 
th e  g lo b a l title  (G T ) tran s la tio n  cap ab ility  o f  th e  S C C P  m ay  th en  b e  u sed .
T h e  M S IS D N  (C C IT T  E . I 64) is g iven  as a  G S M  d irec to ry  n u m b er (F ig u r e  6 - 1 0 ) .  I ts  
s tru c tu re  fo llo w s th e  sam e n u m b erin g  p lan  as th a t  o f  th e  IS D N . T h e  In te rn a tio n a l 
m o b ile  su b sc rib e r iden tity  (IM S I) is u se d  by  th e  m obile  w h en  iden tify ing  itse lf  to  th e  
m o b ile  n e tw o rk . T h e  n e tw o rk  c o d e  (N C ) an d  m obile  n e tw o rk  c o d e  (M N C ) in  th e  
M S IS D N  a n d  IM S I a re  u se d  to  iden tify  th e  o p e ra to r . T h e  H L R  ad d ress  can  b e  
d e te rm in e d  by  th e  analysis o f  th e  f irs t d ig its  in  th e  m obile  s ta tio n  id en tifica tio n  n u m b er 
(M S IN ). F ro m  th e  re c o rd  h o ld  in  th e  H L R , th e  M S ’ ro am in g  lo ca tio n  c an  b e  fo u n d .
Country Code (CC) N etw ork Code (NC) MS Identification N um ber (M SIN)
3 3 6-9
M S IS D N
M obile Country Code M obile N etwork M SIN
(M CC) Code (M NC)
3 3 6-9
IM S I
Figure 6-10 Numbering plan o f GSM subscriber
6 3 . 2 . 2 . 2  T C A P
A s m e n tio n e d  in  sec tio n  6 .3 .1 , th e  T C A P  p ro v id es  a  co m m o n  a p p lica tio n  se rv ice  to  th e  
T C -u se rs  (e .g . M A P ). T h e  T C A P  u se d  in  G S M  system s is fully  co m p a tib le  w ith  th e  
T C A P  d efin ed  in  th e  S S 7 . T h e  tw o  facilities o ffe red  to  th e  M A P  by  th e  T C A P  include  
th e  tra n sa c tio n  hand lin g  and  c o m p o n e n t hand ling . T h e  tran sac tio n  p o r tio n  estab lish es  
an d  m ain ta in s  th e  co n n ec tio n s  b e tw e e n  en d  u se rs . A  tran sac tio n  in d ic a to r  is a d d e d  to
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each  m e ssa g e  to  d istin g u ish  in d ep en d en t m essag e  flo w s, and  th is in d ic a to r  en ab les  the  
o th e r  e n d  to  re la te  all th e  m essag es  o f  th e  sam e  tran sac tio n  to  th e  sam e  co n te x t. T h e  
c o m p o n e n t p o rtio n  c o rre la te s  th e  re q u e s t an d  th e  re sp o n se  in  each  d ia lo g u e . T h e re fo re , 
th e  m essag es  d e liv e red  by  th e  M A P  can  b e  sim ply  in c luded  in th e  I n v o k e  r e q u e s t  
c o m p o n e n t o r  th e  R e tu r n  r e s u l t  r e s p o n s e  co m p o n en t. I t  is th e  d u ty  o f  th e  T C A P  to  
lin k  th e m  w ith in  th e  sam e d ia logue.
6 .3 .2 .2 .3  M A P /E
T h e  M A P /E  p ro to c o l is u se d  b e tw een  M S C s to  p e rfo rm  in te r-M S C  call h an d o v e r. T h e  
call en try  p o in t (an  a n c h o r  M S C ) in  th e  G S M  sy stem  is assu m ed  s tab le  th ro u g h o u t th e  
call e v e n  th o u g h  a  call h a n d o v e r m ay  in vo lve  o th e r  M S C s (relay  M S C s). A  re lay  M S C  
ac ts  as th e  tra n s it p o in t c o n n e c tin g  a  c a ll f ro m /to  an  a n ch o r M S C  to /fro m  an  M S .
B e c a u se  o f  M A P  [G S M 0 9 .0 2 ] an d  B S S A P  p ro to c o ls  u se d  o n  th e  E  an d  A  in te rfaces  
re sp ec tiv e ly , a  re lay  M S C  h as to  p e rfo rm  th e  p ro to c o l tran s la tio n  [G S M 0 9 .1 0 ]. A s 
sh o w n  in  F ig u r e  6 -1 1 ,  tw o  M A P /E  m essag es , P R O C E S S  A C C E S S  S I G N A L L I N G  
(fro m  th e  re lay  M S C  to  th e  an ch o r M S C ) and  F O R W A R D  A C C E S S  S I G N A L L I N G  
(fro m  th e  a n c h o r  M S C  to  th e  re lay  M S C ), a re  e x ch an g ed  b e tw e e n  re lay  an d  an ch o r 
M S C s. T h e ir  in fo rm a tio n  fie ld  in c ludes th e  m essag es sen t to  o r  re ce iv ed  fro m  th e  M S . 
T h e  re lay  M S C  sim ply  tran s la te s  th e  m essag es  b e tw een  M A P /E  an d  D T A P  p ro to c o ls . 
A d d itio n a lly , th e  p ro to c o l tran s la tio n  fro m  M A P /E  to  M A P /B  is a lso  re q u ire d  to  th e  
re lay  M S C . T h e  M A P /E  P R E P A R E  H A N D O V E R  R E Q U E S T  m essag e  rece iv ed  in  th e  
re lay  M S C  tr ig g e rs  th e  tra n sa c tio n  o n  th e  B  in te rface  to  a sk  fo r  th e  h a n d o v e r  n u m b er 
a llo ca tio n  fro m  a  V L R .
Anchor
MSC1
Relay
MSC2
MAP/E prepare handover request
MAP/E forward access signalling 
_________ Message to MS
MAP/E process access signalling 
Message From MS
BSS2
MAP/B handover number alloc ation
DTAP Message to/from MS
J
VLR2 J MS
Message to/from MS 
sent on radio link
Figure 6-11 MAP/E signalling
A  d isc rim in a tio n  fu n c tio n  dealing  w ith  th e  d is tin c tio n  b e tw een  th e  m essag e  flow s 
p e rta in in g  to  d iffe ren t M S s is fu lfilled  by  th e  T C A P  p ro to c o l ( tran sac tio n  han d lin g ) o n  
th e  E  in te rface . T h e  re lay  M S C  is re sp o n sib le  fo r  m ain ta in ing  th e  c o n te x t fo r  each  
c o n n e c tio n  w ith  an  M S  v ia  th e  c o n n e c te d  B S S , and  is a lso  re sp o n sib le  fo r  tran s la tin g  
b a c k  a n d  fo r th  b e tw e e n  th e  S C C P  re fe ren ces  ( to w a rd s  th e  B S C ) an d  th e  T C A P  
tra n sa c tio n  re fe re n ce s  ( to w a rd  th e  a n c h o r  M S C ).
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6.3.2.3 Message Layer Protocols
F ro m  th e  fu n c tio n a lity  p o in t o f  v iew , m essag e  lay er p ro to c o ls  are  g ro u p e d  in to  th ree  
fu n c tio n a l p lan es . T h e  R R  m an ag em en t fu n c tio n  is resp o n sib le  fo r  estab lish in g  th e  
tran sm iss io n  links b e tw e e n  th e  n e tw o rk  en tities  and  th e  m obiles. T h u s  it  is lo c a te d  a t 
th e  b o tto m  o f  th e  m essag e  lay e r p ro to c o ls . A b o v e  it, th e  M M  fu n c tio n  han d les  th e  
lo c a tio n  u p d a tin g  an d  th e  secu rity  re la te d  p ro c e d u re s , such  as au th en tica tio n . T h e  call 
m a n a g e m e n t (C M ) fu n c tio n  c o -o rd in a te s  call se t-u p , su p erv is io n  an d  re lease . B o th  
M M  a n d  C M  are  th e  signalling  p ro to c o ls  b e tw e e n  th e  m obile  an d  n e tw o rk  en titie s  
b e y o n d  A  in te rface . T h e  B T S  an d  B S C  a re  tra n sp a re n t to  th e  M M  an d  C M  m essag es 
( F ig u r e  6-6) .
6 .3 .2 .3 .1  R a d io  R eso u rc e  M a n a g e m e n t (R R )
T h e  R R  h as  tw o  fu n c tio n s : th e  o n e  lo c a te d  in  th e  B S S  is re sp o n sib le  fo r  ra d io  re so u rc e  
c o n tro l an d  m an ag in g  th e  c ro ss  re fe ren ces  b e tw e e n  th e  S C C P  co n n e c tio n s  on  th e  A  
in te rfa c e  an d  th e  p h ysica l channels o n  th e  M S  side; th e  o th e r  lo c a te d  in th e  M S C  c o ­
o rd in a te s  p ag in g , ca ll h a n d o v e r and  s ta r t o f  c ip h erin g , and  m ain ta in s a  lo o k -u p  tab le  
sh o w in g  th e  re la tio n sh ip  b e tw e e n  d iffe re n t B S C s an d  th e  L o ca tio n  A reas .
T h e  fu n c tio n  d is trib u tio n  w ith in  th e  R R  lay e r req u ire s  various p ro to c o ls  ( F ig u r e  6- 6)  
e m p lo y e d  on  th e  ra d io  and  land line  links. T h e  R ad io  In te rface  L ay e r-3  R R  (R IL 3 -R R ) 
p ro to c o l is u se d  on  th e  rad io  link  to  p e rfo rm  rad io  re so u rc e  m a n ag em en t b e tw een  
m ob iles  an d  a  B T S . T h e  G S M 0 8 .5 8  p ro to c o l a d o p te d  on  th e  A bis in te rface  is u se d  fo r  
a  B S C  to  co n fig u re  th e  tran sm issio n  p a th  to  a  B T S  and  fo r  th e  B T S  to  re p o r t  th e  
m e a su re m e n t re su lts  to  th e  B S C . T h e  B S S M A P  p ro to c o l, w h ich  is a  n o n -tra n sp a re n t 
p a r t  o f  th e  B S S A P  p ro to c o ls , is u se d  to  ca rry  th e  R R  re la te d  m essag es  o n  th e  A  
in te rface . T h e  R R  re la te d  m essag es  se n t v ia  th e  A  in te rface  c o n s is t o f  th e  p ag in g  
signalling , th e  tran sm iss io n  m o d e  an d  channe l ty p e  m essag es, an d  th e  ca ll h an d o v e r 
re la te d  m e ssa g e s , etc.
W h e n  in te r-M S C  call h a n d o v e r h ap p en s, th e  R R  lay e r is e x ten d ed  to  th e  E  in te rface . 
T h e  M A P /E  p ro to c o l w ill b e  in c lu d ed  in  th e  R R  p ro to c o l p lane . T h e  tw o  M S C s 
in v o lv ed  in  th e  h a n d o v e r ta k e  d iffe ren t ro les . T h e  a n ch o r M S C  is re sp o n sib le  fo r  th e  
ca ll c o n tro l an d  m ob ility  m an a g e m e n t o f  th e  co n c e rn e d  m obile  d u rin g  th e  call un til th e  
ca ll c o n n e c tio n  is re leased . T h e re fo re  it is th e  responsib ility  o f  th e  a n c h o r  M S C  to  
in itia te  an d  c o n tro l th e  h a n d o v e r p ro c e d u re s . T h e  ro le  o f  th e  re lay  M S C  is sim ply to  
p ro v id e  th e  ra d io  re so u rc e  c o n tro l w ith in  its  a re a  an d  p ro to c o l tran s la tio n  b e tw e e n  th e  
M A P /E  an d  th e  D T A P  (A  in te rface).
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6 .3 .2 .3 .2  M o b ility  M a n a g e m e n t (M M )
T h e  en titie s  in v o lv ed  in  th e  M M  fu n c tio n  in c lu d e  th e  M S C /V L R  an d  th e  H L R  o n  th e  
n e tw o rk  side , and  th e  M S  o n  th e  m ob ile  side. T h e  M M  fu n c tio n s m ain ly  p e rfo rm  th e  
lo c a tio n  u p d a tin g  an d  secu rity  m an ag em en t p ro c e d u re s , as w ell as th e  p ro c e d u re s  to  
e s tab lish , m a in ta in  an d  re lea se  an  M M  c o n n ec tio n . T h e  C M  en titie s  m ak e  u se  o f  th e  
M M  c o n n ec tio n s  to  ex ch an g e  secu rity  re la te d  in fo rm ation , w h e reas  th e  m obility  
sp ec ific  p ro c e d u re s , e .g ., th e  lo ca tio n  u p d a tin g  p ro c e d u re , is in itia ted  w ith o u t th e  M M  
co n n ec tio n s . E v e n  th o u g h  th e  M M  c o n n ec tio n  m ay  o r  m ay  n o t  b e  req u ire d , th e  
signalling  co n n e c tio n  p ro v id e d  b y  th e  R R  lay e r is defin itely  re q u ire d  to  estab lish  an 
M M  c o n te x t b e tw e e n  an  M S  a n d  a  M S C /V L R .
T h e  R IL 3 -M M  p ro to c o l is u se d  to  c o n v ey  M M  m essag es  on  th e  ra d io  in te rface . T o  th e  
B S S , th e  R IL 3 -M M  m essag es  a re  tra n sp a re n t an d  a re  co n v ey ed  u s in g  D T A P  p ro to c o l 
o n  th e  A  in te rface . T h e  L 3  m essag es  p e rta in in g  to  th e  M M  lay er a re  d is tin g u ish ed  
u s in g  p ro to c o l id en tity  (P I).
A s sh o w n  in  F ig u r e  6-6( b ) ,  th e  M A P /D  p ro to c o l is u se d  b e tw een  th e  M S C /V L R  an d  
th e  H L R  to  ex ch an g e  lo ca tio n  u p d a tin g  an d  secu rity  m an ag em en t re la te d  m essag es. 
T h e  M A P /G  p ro to c o l is d e f in e d  on  th e  in te rface  b e tw een  th e  V L R s to  e n a b le  a  V L R  to  
a sk  fo r  th e  iden tity  and  su b sc rip tio n  d a ta  fro m  a n o th e r V L R , b e fo re  accessin g  th e  
H L R . T h e  M A P /G  p ro to c o l is u se d  on ly  u n d e r  o n e  c ircu m stan ce , i.e ., w h en  an 
access in g  M S  iden tifies itse lf  w ith  a  tem p o ra ry  m obile  su b sc rib e r id en tity  (T M S I) 
w h ich  is a llo ca ted  b y  an o th e r V L R .
6 .3 .2 .3 .3  C o m m u n ica tio n  M a n a g e m e n t (C M )
B asica lly , th e  p u b lic  ce llu la r n e tw o rk s  a re  access  n e tw o rk s  to  th e  m a jo r fixed  
te leco m m u n ica tio n  n e tw o rk s . T h e  C M  signalling  and  p ro to c o ls  a d o p te d  as su ch  a re  
very  m u ch  d e p e n d e n t o n  ex is tin g  tech n iq u es. T h is  in fluence ex is ts  n o t  on ly  a t th e  
in te rfa c e  b e tw e e n  th e  G S M  a n d  th e  p u b lic  te leco m m u n ica tio n  n e tw o rk s , b u t  a lso  inside 
th e  G S M  in fra s tru c tu re , o w in g  to  in te rw o rk in g  w ith  v a rio u s e x te rn a l n e tw o rk s .
U s in g  se rv ice s  p ro v id e d  b y  th e  R R  an d  M M  lay ers , th e  C M  lay er p ro to c o ls  c o -o rd in a te  
th e  c a ll se t-u p , su p e rv is io n  a n d  re le a se  s ig n a llin g  p ro ced u res . T o  se t-u p  a  ca ll, th e  ra d io  
c o n n e c tio n  (R R ) to  an  M S  m u st ex is t an d  th e  au th en tica tio n  p ro c e d u re  (M M  
c o n n e c tio n s)  as w ell as th e  c ip h erin g  p ro c e d u re  sh o u ld  b e  p e rfo rm e d  b e fo re  a  C M  link  
is estab lish ed .
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S erv ices  o ffe red  by  th e  C M  su b -lay e r c o n s is t o f  th e  C all C o n tro l (C C ), th e  
S u p p lem en ta ry  S erv ice  (S S ) an d  th e  S h o r t M essag e  S erv ice  (S M S ). T h e  C C  
tra n sa c tio n s  b e tw e e n  an  M S  a n d  a  M S C /V L R  u se  th e  R IL 3 -C C  p ro to c o l ( F ig u r e  6-6) .
T h e  IS D N  u se r  p a r t  (IS U P ) w o rk s  d irec tly  w ith  th e  R IL 3 -C C  p ro to c o l in  th e  M S C  
s in ce  th e  la tte r  u se s  th e  C C IT T  Q 931  p ro to c o l th a t is a lso  th e  IS D N  ca ll co n tro l 
p ro to c o l. H o w e v e r, call c o n tro l p ro to c o l in th e  P S T N  has a  d iffe ren t m ech an ism  fro m  
th e  o n e  u se d  in  th e  IS D N . T h e  in fo rm atio n  p ro v id e d  to  th e  u se rs  is in  th e  fo rm  o f  
au d io  to n e . T o  estab lish  th e  lin k  b e tw e e n  th e  G S M  and  th e  P S T N  u se rs , “p ro g re ss” 
m e ssa g e  m u s t b e  p ro v id e d  b y  th e  R IL 3 -C C  p ro to co l.
Call Routing
B e c a u se  o f  u se r  m obility  in  th e  ce llu la r n e tw o rk s , th e  ro u tin g  a p p ro a c h  fo r  m obile  
te rm in a tin g  ca lls  w ill b e  d iffe ren t fro m  th a t o f  th e  pub lic  te leco m m u n ica tio n  n e tw o rk s . 
T h e  ro u tin g  fu n c tio n  in th e  G S M  n e tw o rk  d ep en d s u p o n  th e  P L M N  n e tw o rk  
a rc h ite c tu re , and  ad m in is tra tio n  reg u la tio n s , e .g . charg ing . T h e  ro u tin g  o p tim isa tio n  
m ay  b e  a  less im p o rta n t issu e  w h e re  secu rity  ab o u t th e  su b sc rib e r’s lo c a tio n  is o f  
p rem iu m  co n ce rn . B e c a u se  o f  ad m in is tra tio n  re a so n , a  G M S C  in  a  ca lled  u s e r ’s h o m e  
P L M N  is a lw ays se le c te d  as an  en try  p o in t fo r  incom ing  calls. T h is  m ay  c au se  
in e ffic ien t ro u tin g  in th e  c a se  th a t th e  ca lled  u se r  ro am s o u ts id e  its  h o /n e  P L M N  and  
h a p p e n s  to  b e  in  th e  sam e co u n try  as a  ca lling  u se r. I f  th e  ca lling  p a r ty  d o es  n o t  k n o w  
th e  lo c a tio n  o f  th e  ca lled  u se r , tw o  in te rn a tio n a l links a re  inev itab le . T h is  p h en o m en o n  
is c a lle d  “ tro m b o n in g ” .
F o r  th e  m o b ile  te rm in a tin g  ca lls , signalling  ex ch an g es u se  th e  M A P /C  an d  M A P /D  
p ro to c o ls  ap p lied  b e tw e e n  th e  G M S C  an d  th e  H L R , and  b e tw e e n  th e  H L R  and  th e  
V L R . A s sh o w n  in  F ig u r e  6 - 1 2 ,  a cco rd in g  to  th e  d ia lled  d irec to ry  n u m b e r (M S IS D N ), 
th e  in co m in g  call c a n  b e  ro u te d  to  a  G M S C  to  w h ich  th e  h o m e P L M N  o f  ca lled  p a rty  
is a tta c h e d . T h e  ad d re ss  o f  a  H L R  is d e riv ed  by  th e  G M S C  fro m  th e  M S IS D N . T h e  
M A P /C  p ro to c o l is u se d  b e tw e e n  th e  G M S C  and  th e  H L R  to  g e t th e  ro u tin g  
in fo rm a tio n  (M S R N ). I f  only  th e  ad d ress  o f  a  V L R  is s to re d  in th e  H L R , th e  H L R  has 
to  in te rro g a te  th e  V L R  to  o b ta in  th e  ro u tin g  n u m b er. T h e  M A P /D  p ro to c o l is u se d  
b e tw e e n  th e  H L R  an d  th e  V L R  to  a sk  fo r  th e  p ro v is io n  o f  th e  M S R N . A fte r  th e  
G M S C  g e ts  th e  ro u tin g  n u m b er, th e  call is ro u te d  to  th e  M S C /V L R  w h e re  th e  ca lled  
su b sc rib e r  re s id es . T h e  v is ited  M S C  w ill p ro c e e d  w ith  th e  ca ll e s tab lish m en t fo r  th e  
re q u e s te d  se rv ice .
RIL3-CC Protocol
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*  Traffic link
Figure 6-12 Signalling transaction fo r  routing o f incoming call
T h e  signalling  p ro c e d u re  fo r  a  m o b ile -o rig in a ted  call is re la tive ly  sim ple . T h e  M S C  
ana ly ses  th e  ca lled  n u m b er an d  th e  re q u e s te d  se rv ice  in o rd e r  to  c h o o se  th e  ex te rn a l 
n e tw o rk  to w a rd s  w h ich  th e  call w ill b e  ro u te d . T hen , th e  M S C  an d  m o b ile  u se rs  
access in g  th e  ex te rn a l n e tw o rk  th ro u g h  th e  M S C  w ill w a it an d  re a c t acco rd in g  to  th e  
av a ilab le  signalling  in fo rm atio n  a b o u t th e  p ro g re ss  o f  th e  call. I t  is n o t  n ecessa ry  fo r  
o th e r  G S M  n e tw o rk  en titie s  b ey o n d  th e  M S C /V L R  to  g e t invo lv ed  in  th e  call co n tro l. 
T h e re fo re , o n ly  th e  R IL 3 -C C  p ro to co l is u se d  fo r  th e  m o b ile  o rig in a tin g  ca ll se t-up .
T o  a d a p t to  th e  d iffe ren t se rv ices  fo r  th e  G S M  subscrib ers , th e  IW F  in  th e  M S C  is 
re q u ire d  to  e s tab lish  th e  lo w e r  lay e r p ro to c o ls  fo r  tran sm issions b e tw e e n  ex te rn a l an d  
G S M  n e tw o rk s . T h e  p ro c e d u re s  like  e stab lish ing  th e  c o n n e c tio n -th ro u g h  link  to  th e  
en d  u se rs  an d  sy n ch ro n is in g  tw o  en d  u se rs  in  th e  c a se  o f  d a ta  se rv ices  a re  p e rfo rm e d  
by  th e  IW F  [G S M 0 9 .0 1 ,0 3 ,0 7 ,0 9 ]. S o m e tim es , it  is  a lso  req u ire d  to  estab lish  th e  u p p e r  
lay e r p ro to c o ls . F o r  in stan ce , th e  IW F  is invo lv ed  in a  n eg o tia tio n  p ro c e d u re  in  th e  
ca se  o f  fax  tran sm issio n , w h ich  c o n c e rn s  v a rio u s ch a rac te ris tic s  o f  th e  tran sm iss io n , in 
p a r tic u la r , th e  m o d e m  speed .
6,4 SUMMARY
O v e r th e  la s t few  y ea rs  th e  G S M  sy stem  has b e e n  o n e  o f  th e  m o s t su ccessfu l ce llu la r 
m o b ile  co m m u n ica tio n  sy stem s. T h e  p o p u la rity  o f  th e  G S M  sy stem  is a ttr ib u te d  to  its 
s ta n d a rd iz e d  signalling  sy s tem  w h ich  co m p lies  w ith  th e  S S 7 , an d  its  capab ility  o f  
in te rw o rk in g  w ith  o th e r  te leco m m u n ica tio n  n e tw o rk s . T o  a d a p t to  th e  m obile  
en v iro n m en t, m o d ifica tio n s a re  n ecessa ry  w h ich  b rin g  th e  co m p lex ity  to  th e  G S M  
sign a llin g  system .
W e  h a v e  briefly  re v ie w e d  th e  G S M  n e tw o rk  en tities , sy stem  a rc h ite c tu re  an d  th e  
n e tw o rk  s ignalling  p ro to c o ls . T h e  su ccess  o f  th e  G S M  sy s tem  p ro v id e s  us w ith  
v a lu ab le  k n o w led g e  a n d  ex p e rien ce  to  d ev e lo p  new  g en e ra tio n  o f  m obile
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c o m m u n ica tio n  system s. S -P C N s, in p a rticu la r , can , to  so m e  e x te n t, re u se  th e  G S M  
fu n c tio n s  an d  signalling  p ro to c o ls . T h is  re u se  w ill le ad  to  th e  in te g ra tio n  o f  sa te llite  
a n d  G S M  sy stem s a t th e  sy s te m /n e tw o rk  level. M any  n e tw o rk  fu n c tio n s , such  as 
m ob ility  m an ag em en t, ra d io  re so u rc e  m an ag em en t and  u se r  secu rity  m an ag em en t, 
a d d re sse d  in  G S M  sy stem  are  a lso  c ritica l issues in  th e  in teg ra ted  sa te llite  an d  G S M  
sy stem . T h is  c h a p te r  p re se n ts  th e  basis  fo r  th e  d ev e lo p m en t o f  th e  signalling  sy stem  in 
an  in te g ra te d  sa te llite  an d  G S M  system .
Chapter 7 Call Handling Functions in Integration o f Satellite and GSM System
C h a p t e r  7  
C a l l  H a n d l i n g  F u n c t i o n s  i n  t h e  I n t e g r a t i o n  o f  
S a t e l l i t e  a n d  G S M  S y s t e m s
We compare the single and split MSC integration scenarios in an 
integrated satellite and GSM system. Comparisons are focused on the 
call handling related functions. A number o f issues, such as network 
architecture, mobility management scheme, etc., have been investigated 
to see how they cope with the specific requirements o f satellite systems.
We discuss function distributions, modifications to the GSM signalling 
and protocols to accommodate the satellite specific function in two 
integration scenarios. The simulation comparisons o f network signalling 
load related to the call handling functions fo r two integration scenarios 
have been performed. The study leads to an optimized integration 
scenario. Finally, two approaches which deal with the dual-mode 
terminals’ tracking and locating in an integrated satellite and GSM 
system have been proposed and analyzed fo r completion o f the 
integration study.
7.1 INTRODUCTION
S a te llite  sy stem s as p a r t  o f  th e  fu tu re  U M T S  a re  v iew ed  as a  co m p lem en ta ry  c o m p o n e n t to  
te rre s tr ia l m obile  system s. H o w e v e r , th e  d ep lo y m en t o f  U M T S , th e  th ird  g e n e ra tio n  o f  
m o b ile  sy stem s, is  th e  lo n g  te rm  g o a l. In te g ra tio n  and  in te rw o rk in g  b e tw e e n  a  sa te llite  
sy s te m  an d  G S M , a  se c o n d  g en e ra tio n  ce llu la r m ob ile  sy stem , c an  b e  d e v e lo p e d  an d  
e v o lv e d  in to  th e  fu lly  in te g ra te d  U M T S .
S a te llite  sy s tem s, o ffe rin g  b ro a d  g eo g rap h ica l co v e rag e  and  a  fa s t d ep lo y m en t, appeal* to  be 
an  a ttra c tiv e  so lu tio n  to  th e  p ro b lem s o f  in su ffic ien t c o v e rag e  an d  sp ec tra l re so u rc e  
c o n s tra in ts  in  c u rre n t c e llu la r m o b ile  system s. In  ad d ition , g lobal ro am in g  is a llo w ed  in 
m o s t sa te llite  sy stem s, th u s, in te g ra tio n  o f  sa te llite  and  G S M  system s w ill en h an ce  th e  
u se rs ’ accessib ility  and  ro am in g  a re a  co v e rag e . G enera lly , in teg ra tio n  m u s t b e  ach iev ed  in  a  
w ay  th a t  g ives th e  m obile  u se r  co n v en ien t access  to  te leco m m u n ica tio n s se rv ices  in  a  u se r  
frien d ly  an d  seam less m an n er. A d d itiona lly , u se rs  sh o u ld  h av e  c h o ice  o f  ro u tin g  fo r 
o u tg o in g  an d  in co m in g  ca lls .
In te g ra tio n  b e tw e e n  sa te llite  and  te rre s tria l m ob ile  system s h as a ttra c te d  a tte n tio n  s in ce  th e  
b eg in n in g  o f  th e  9 0 ’s, as sa te llite  m o b ile  system s h av e  b eco m e a  g loba l issu e  ([P R I9 3 ,9 4 ] , 
[R E 9 3 ], [M A T 9 5 ], [H A R 9 6 ] an d  [F IN 9 6 ]). T h e  level a t w hich  th e  in te g ra tio n  o f  sa te llite  
an d  ce llu la r sy stem s w ill b e  im p lem en ted  is an  im p o rta n t issu e  th a t a ffec ts  se rv ice , n e tw o rk  
a rc h ite c tu re  an d  m obile  te rm in a ls . T h e  in teg ra tio n  levels d iscu ssed  in  th e  l ite ra tu re  are  
su m m a rise d  as fo llow s:
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•  N e tw o rk  in teg ra tio n : N e tw o rk  in fra s tru c tu re  and  fu n c tio n s a re  sh a re d  in  o rd e r  to  
h an d le  tra n sp a re n t call ro u tin g  w h en  m o b iles a re  ro am in g  b e tw e e n  tw o  seg m en ts  
[C A S 9 4 ]. T ra n sp a re n t call ro u tin g  m ean s th a t a  m obile  h as  o n e  u n iq u e  n u m b er 
re g a rd le ss  o f  th e  n e tw o rk  to  w h ich  it  is a ttach ed . In  th is case , th e  sam e  ty p e  o f  se rv ices 
b a se d  o n  ce rta in  c o m m o n  d esig n  p a ra m e te rs  m u s t be  p ro v id e d  by  all th e  n e tw o rk s . 
H o w e v e r  fro m  a  se rv ice  q ua lity  p o in t o f  v iew , th e  lo n g  tra n s it de lay  an d  th e  b it ra te  
lim ita tio n s  in h e re n t in  sa te llite  access w ill c rea te  p ro b lem s fo r so m e  se rv ices  [M C F 94].
•  S y s te m  in teg ra tio n : S a te llite  sy stem s a re  tre a te d  as a  h o m o g e n e o u s  p a r t  o f  to ta l 
co v e ra g e . T h e  full se rv ice  se t p ro v id e d  in  te rre s tria l sy stem  m ay  n o t  b e  p o ssib le  in  th e  
sa te llite  se g m e n t b u t  a t le a s t a  b as ic  se rv ice  se t m u st b e  re ta in e d  in  co m m o n . T h e  
in fra s tru c tu re  o f  sa te llite  an d  ce llu la r n e tw o rk s  can  share  so m e  co m m o n  co m p o n en ts . 
H o w e v e r , th e  ra d io  lin k  c o n tro l p a rts  w ill n o t  b e  co m m o n  since  specific  p ro c e d u re s  an d  
te c h n iq u e s  a re  u se d  a t th e  sa te llite  a ir-in te rface  to  acco m m o d a te  th e  p ecu lia ritie s  o f  
sa te llite  lin k  an d  co n tro l. [C A S 9 4 ][P R IS 9 5 ]
•  T e rm in a l in teg ra tio n : C o m m o n  h ig h e r lay e r p ro to co ls  w o u ld  a id  th e  co m p atib ility  o f  th e  
m o b ile  te rm in a ls  fo r  all th e  system s o w in g  to  th e  likely em erg e n c e  o f  co m p e tin g  
te c h n o lo g ie s  an d  system s [M C F 9 5 ]. In  p a rticu la r, a  call fo rw a rd in g  capab ility  to  
tra n s fe r  a  call b e tw e e n  th e  tw o  n e tw o rk s  is c o n sid e red  in  th e  te rm ina l in te g ra tio n  
scen ario . F o r  th is  case , it is n o  n ecessity  o f  d ire c t signalling  links b e tw e e n  th e  tw o  
n e tw o rk s  in  th is  sce n a rio  [IN M 93].
•  R a d io  in te rface  in teg ra tio n : T h e  com m o n ality  b e tw een  rad io  in te rface  o f  th e  ce llu la r 
an d  sa te llite  sy s tem  sh o u ld  b e  as h igh  as p o ss ib le  [M C F 94]. H o w e v e r  th is  co m m o n ality  
re q u ire m e n t m ay w o rk  ag a in s t th e  re q u ire m e n t co n cern in g  p e rfo rm a n c e  o p tim iza tio n  in 
b o th  sa te llite  an d  te rre s tria l m o b ile  sy stem s an d  th u s  a  tra d e -o ff  is need ed .
T h e  m o s t p o p u la r  an d  v iab le  in teg ra tio n  a p p ro a c h  is th e  sy stem  and  n e tw o rk  in teg ra tio n  
scen a rio s  b o th  sh a rin g  co m m o n  n e tw o rk  en titie s , fun c tio n s and  u s in g  th e  sam e h ig h e r lay er 
signalling  p ro to c o ls  in  sa te llite  an d  ce llu la r m o b ile  system s. T w o  p ra c tic a l in teg ra tio n  
scen a rio s , sp lit M S C  an d  sing le  M S C , h av e  b een  p ro p o se d  fo r  th e  G S M  in teg ra tin g  w ith  
sa te llite  sy s tem  [S A ID 8 ]. F o r  th e  N o r th  A m erican  ce llu lar sy stem s, tw o  level in teg ra tio n  
scen a rio s  w e re  a lso  d efin ed  [D R U 9 5 ]. O n e  scen ario  has a  sa te llite  h u b  s ta tio n  (S H S ) 
c o n n e c te d  to  a  m o b ile  te lep h o n e  sw itch in g  o ffice  (M T S O ) an d  a n o th e r  has an  S H S  
fu n c tio n in g  as a  M T S O .
In  th is  c h a p te r , w e  in v es tig a te  m ain ly  th e  call hand ling  re la ted  fu n c tio n s  in  an  in te g ra te d  S - 
P C N  b a se d  o n  th e  tw o  in teg ra tio n  scen ario s  p ro p o se d  in  th e  S A IN T 1 (sa te llite  in te g ra te d  
sy stem ) p ro je c t. T w o  in teg ra tio n  scen ario s  w ill b e  c o m p a re d  w ith  re sp e c t to  th e  signalling  
lo a d  an d  d e lay  in  th e  n e tw o rk , as w e ll as th e  m o d ifica tio n s  to  th e  G S M  sig n a llin g  p ro to co ls .
'SAINT is a collaborative RACE II project about satellite UMTS between University of Surrey and other European 
partners.
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7.2 ISSUES RELATED TO THE INTEGRATION OF S-PCN AND 
GSM
In  o rd e r  to  define  the  in teg ra tio n  level, a  o n e -to -o n e  c o rre sp o n d en ce  b e tw een  sa te llite  and  
G S M  n e tw o rk  en titie s  is illu stra ted  in F ig u r e  7 - /(s in g le  M S C ) and  7-2 (sp lit M S C ). T w o  
in teg ra tio n  scen ario s  w ere  p ro p o se d  ([S A ID 8 ] and  [G U N 9 5 ]). T h e  sing le  M S C  in teg ra tio n  
scen ario  im p lem en ted  a t the  A -in te rface  ind ica tes th a t an M S C  is sh a red  by th e  ce llu la r and  
sa te llite  seg m en ts . M o s t sate llite  specific  fun c tio n s are  lo ca ted  in a E a rth  S ta tio n  C o n tro lle r  
(E S C ) to  red u ce  the  m o d ifica tions to  th e  G S M -M S C . T he  sp lit M S C  in teg ra tio n  o p tio n , 
w hich  is in te g ra te d  a t th e  E -in te rface  using  sep ara te  M S C s, is ta ilo red  to  a c c o m m o d a te  the 
req u irem en ts  o f  d iffe ren t segm en ts. T h e  m obile  app lica tion  p a rt (M A P ) p ro to c o ls  are  u sed  
b e tw een  th e  G S M  n e tw o rk  en tities  b ey o n d  th e  A -in te rface. In  S -P C N s, w e  can  reu se  th ese  
p ro to c o ls  due  to  sim ilar functionality  in the  tw o  n e tw o rk s. H o w ev e r, the  G S M  signalling  
p ro to c o ls  u se d  on  the  A -in te rface  m ay n eed  to  be m odified  to  c o p e  w ith  the  req u irem en ts  
o f  sa te llite  ca ll hand lin g  functions.
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Figure 7-1 The single MSC integration scenario
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Figure 7- 2 The split MSC integration scenario
T o  red u c e  th e  d ev e lo p in g  c o s t and  th e  im pact to  the  G S M  system  , w e m u st m in im ize the 
ad a p ta tio n  o f  th e  G S M  n e tw o rk  n eed ed  fo r the  in teg ra tio n  o f  the  sa te llite  serv ice . T h e  
s im p lest w ay  to  ev o lv e  to w a rd s  an G S M  and  sa te llite  in teg ra tio n  is to  u se  th e  c u rre n t G S M  
n e tw o rk  a rch itec tu re  an d  to  en h an ce  it by ad d ing  new  fu n c tio n s to  su p p o rt sate llite  
serv ices.
C o m p a re d  to  ce llu la r m obile  system s, sa te llite  system s have the  fo llo w in g  fea tu res: high 
p ro p a g a tio n  loss, long  p ro p a g a tio n  delay , la rg e r co v e rag e  areas and  a  d ynam ic  p ro p e rty  o f  
th e  sa te llite  co n ste lla tio n s  (n o n -G E O  system s). T h ese  fea tu res  have  im p ac ts  n o t only  a t 
sa te llite  a ir-in te rface  b u t a lso  on the  R ad io  R eso u rce  m an ag em en t (R R ), M obility  
M a n ag em en t (M M ) and  C o n n ec tio n  M an ag em en t (C M ) fun c tio n s in th e  n e tw o rk . In  the  
rem ain d er o f  th is sec tio n , w e will d iscu ss  th e  sate llite  specific  fu n c tiona lity . T h e  issues 
inc lude  th e  sa te llite  n e tw o rk  c o n fig u ra tio n , th e  m obility  m an ag em en t a p p ro a c h , an d  the  
sa te llite  d iv e rs ity  m ethod .
7.2.1 Power Transmission Constraint in S-PCN
T h e  h igh  p a th  loss, in S -P C N , d e te rm in es th a t th e  transm ission  in sa te llite  sy stem s is p o w e r 
c o n s tra in ed . T h u s a lm o st all o f  th e  p ro p o se d  S -P C N s ad o p t a  sp o t beam  ap p ro ach  w hich  
in creases  the  co m p lica tio n  in m obility  and  re so u rce  m anagem en t. E ven  w ith  the  u se  o f  sp o t 
b eam s, th e re  is little  m arg in  availab le  to  c o u n te r-a c t the  sa tellite  channel fad ing  e ffec ts . A  
sa te llite  d iversity  a p p ro ach  has been  p ro p o se d  in som e S -P C N s, e .g ., IC O  and  G lo b a ls ta r  
sy stem s, fo r  im p ro v in g  the tran sm issio n  p erfo rm an ce  in the fad in g  ch annel.
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T o  c o o rd in a te  th e  re so u rc e  a llo ca tio n  fro m  tw o  visib le sate llites, w e  re q u ire  th e  d iversity  
a ss ig n m e n t (D A ) fu n c tio n s  an d  co rre sp o n d in g  signalling  p ro to c o ls . In  th e  G S M  sy stem , th e  
c h a n n e l a llo ca tio n  p ro to co l is u se d  in  th e  R R  fu n c tio n  lay er (F ig u r e  6 - 6 ( a ) )  an d  th e  channel 
m a n a g e m e n t is m ainly  p e rfo rm e d  b y  th e  B S C . T h e  M S C  w ill in te rv en e  in  th e  re so u rc e  
m a n a g e m e n t fu n c tio n  and  p lay  a  lead in g  ro le  in th e  in te r-B S C  o r  in te r-M S C  call h a n d o v e r 
p ro c e d u re . B asica lly  b o th  th e  D A  an d  th e  call h a n d o v e r o p e ra tio n  re q u ire  a  se c o n d  channel 
a llo ca tio n . B e c a u se  o f  th is  s im ila rity , th e  D A  p ro to co ls  in  th e  S -P C N s c an  u se  th e  G S M  call 
h a n d o v e r  p ro to c o ls , e ith e r  in te r-B S C  o r  in te r-M S C  call h an d o v e r p ro to c o l, d ep en d in g  on  
th e  n e tw o rk  a rc h ite c tu re  o f  th e  S -P C N . T h e  inc lusion  o f  a  D A  fu n c tio n  in  th e  S -P C N  m ay 
im p o se  m o d ifica tio n s to  th e  G S M  func tio n a lity  d ep en d in g  on  w h ich  level th e  in teg ra tio n  is 
im p le m e n te d  a n d  a lso  on  th e  n e tw o rk  a rc h ite c tu re  o f  S -P C N .
7.2.2 Satellite Dynamics
A n o th e r  co m p lica tio n  o f  th e  S -P C N , fo r  n o n -G E O  sa te llite  sy stem s is th e  dynam ic 
m o v e m e n t o f  th e  sa te llite . T h e  c o n se q u e n c e  is tw o -fo ld  in  th e  m ob ility  m an ag em en t 
a p p ro a c h  a n d  th e  n e tw o rk  a rc h ite c tu re  o f  th e  S -P C N s.
F irs tly , th e  m ob ility  m a n ag em en t a p p ro a c h  u se d  in th e  S -P C N  m u st b e  ab le  to  c o p e  w ith  
th e  sa te llite  d ynam ics. T w o  m ob ility  m a n ag em en t schem es h a v e  b e e n  c o n s id e re d  here in . 
O n e  is th e  te rm in a l p o s itio n  b a se d  m obility  m an ag em en t (T P B ) sch em e  [S A ID 8 ] w h ich  
re lie s  011 th e  p o sitio n in g  cap ab ility  o f  th e  m obiles. In  th is  schem e, th e  L A  is d e fin ed  b y  a  se t 
o f  p a ra m e te rs  ( la t i tu d e ,  lo n g i tu d e ,  d thr) . L o c a tio n  u p d a tin g  is tr ig g e re d  b y  th e  m obile  
w h e n e v e r  it  trav e ls  a  d is tan ce  ex ceed in g  d thr ( trav e lin g  d is tan ce  th re sh o ld ) fro m  th e  la s t 
re p o r te d  lo ca tio n . A  se c o n d  sch em e  is th e  G S M -ty p e  m obility  m a n a g e m e n t sch em e , k n o w n  
as th e  G C A  ap p ro a c h , th a t defines a  fixed  g eo g rap h ic  a rea  a sso c ia ted  w ith  a  S a te llite -M S C  
(S M S C ). In  th is  sch em e, d u e  to  th e  dynam ics o f  sa te llite  co v e ra g e , a  S M S C  m u s t k e e p  
d y n am ic  co n n ec tio n s  w ith  all o f  th e  sa te llites/S B  s w ith in  its L A . T h e  n e e d  fo r  su ch  dynam ic  
c o n n ec tio n s  d e fin ite ly  b rin g s  w ith  it  im p lem en ta tio n  difficulties fo r  th e  in te g ra te d  M S C . F o r  
th is  re a so n , th e  s ing le  M S C  in te g ra tio n  scen ario  w ill u se  th e  T P B  ra th e r  th an  th e  G C A  
sch em e.
A  fu r th e r  c o n se q u e n c e  o f  sa te llite  dynam ics is re la te d  to  th e  n e tw o rk  a rc h ite c tu re  in  th e  S- 
P C N . B e c a u se  o f  th e  sa te llite  dynam ics, tw o  ap p ro ach es  can  b e  u se d  to  c o n tro l th e  sa te llite  
re so u rc e : (1 ) C en tra lized , (2) D is trib u ted . T h e  cen tra lized  co n tro l a p p ro a c h  req u ire s  only  
o n e  c o n tro l c e n te r  fo r  each  sa te llite  re so u rce . A  n u m b e r o f  E S s  a re  a p p ro p ria te ly  p o s itio n e d  
a lo n g  th e  su b -sa te llite  tra c k  on  th e  e a rth  su rface  fo r  th e  d e fin ed  sa te llite . T h e  R R  
c o n n e c tio n s  a re  re q u ire d  b e tw e e n  th e  c o n tro l ce n te r  and  th e  E S s. F o r  m o s t o f  th e  tim e  th e  
sa te llite  re so u rc e  co n tro l w ill n o t b e  lo ca l. T h e  co n seq u en ces  o f  re m o te  c o n tro l a re  a  lo n g e r 
signalling  de lay  an d  a  la rg e r signalling  lo a d  o n  th e  lo n g  d is tan ce  tru n k  links. T h e  a d v a n ta g e  
o f  th e  c e n tra liz ed  c o n tro l ap p ro a c h  is th a t th e  sa te llite  re so u rce  c o n tro l rem ain s in  th e  sam e 
lo c a tio n  a rea . T h e re fo re , th e  signalling  re la te d  to  th e  h an d o v e r o f  re so u rc e  c o n tro l 
fu n c tio n s  o w in g  to  sa te llite  m ob ility  can  b e  avo ided . In  a  d is tr ib u ted  a rc h ite c tu re , th e
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r e so u rc e  c o n tro l fu n c tio n  is h a n d e d -o v e r  a m o n g s t a  n u m b er o f  E S s  th a t a re  a lso  p o s itio n e d  
a lo n g  th e  su b -sa te llite  track . A  E S  h o ld in g  th e  co n tro l to k e n  is n a m e d  E S  C o n tro lle r  
(E S C ). In  th is  sy stem , lo ca l c o n tro l o f  th e  sa te llite  re so u rc e  can  b e  g u a ran teed . 
N e v e rth e le ss , a  fu n c tio n  is re q u ire d  to  deal w ith  th e  h an d o v e r o f  re so u rc e  c o n tro l b e tw e e n  
su ccess iv e  E S C s  an d  th e  ro u tin g  m an ag em en t o f  th o se  unfin ished  calls w h en  th e  sa te llite  
h a n d o v e r  o ccu rs . T h e  b e s t p o s itio n  fo r  th is  fu n c tio n  is in th e  sa te llite  M S C  (S -M S C ). F o r  
b o th  o f  th e se  ap p ro ach es , m o d ific a tio n s  to  th e  G S M -M S C  are  n ecessa ry  i f  th e  in te g ra tio n  is 
to  b e  im p le m e n te d  a t th e  A -in te rfa c e  (s in g le -M S C ).
7.3 INTEGRATION SCENARIOS
T h e  m ain  su b je c t in  th is c h a p te r  is th e  call hand ling  fu n c tio n  in  th e  in te g ra te d  sa te llite  an d  
G S M  n e tw o rk . A s s ta te d  in  C h a p te r  6 ,  th e  call hand ling  fu n c tio n  b e lo n g s  to  th e  C M  
fu n c tio n  p lan e  w h ich  is a  co m p lex  p ro c e ss  u s in g  th e  serv ices o f  th e  R R  an d  M M  p lane . 
S o m e tim es , an  in te rw o rk in g  fu n c tio n  (IW F ) is ca lled  by  C M  fo r  in te rfac in g  w ith  v a rio u s 
e x te rn a l n e tw o rk s  (P S T N , IS D N , e tc .). In  th is  sec tio n , w e  w ill d e fin e  th e  d is tr ib u tio n  o f  call 
h an d lin g  re la te d  fu n c tio n  en titie s  (F E ) in  an in te g ra te d  n e tw o rk , a n d  iden tify  n ecessa ry  
a d a p ta tio n s  to  th e  G S M  fu n c tio n a lity  an d  signalling  p ro to c o ls , tak in g  th e  sa te llite  specific  
fu n c tio n a lity  in to  accoun t.
7.3.1 Single MSC Integration Scenario
In  th is  scen a rio , a  sing le  M S C  is sh a red  b e tw e e n  a  G S M  P L M N  an d  a  S -P C N . In  o rd e r  to  
m in im ize  th e  m o d ifica tio n s to  th e  G S M  n e tw o rk , it is desirab le  to  lo c a te  th e  sa te llite  
sp ec ific  fu n c tio n s  in  th e  sa te llite  n e tw o rk  en tities , su ch  as th e  E S C . B e c a u se  an  in te g ra te d  
M S C  h as  to  in te rface  an  E S C , it  h as  to  p e rfo rm  so m e  sa te llite  specific  fu n c tio n s , su ch  as 
th e  sa te llite  h a n d o v e r  b e tw e e n  E S C s  an d  th e  channel m an ag em en t fo r  d ivers ity  sa te llites . 
T h e  s ing le  M S C  in teg ra tio n  scen ario  w ill b e  in v es tig a ted  la te r  b a se d  o n  th e  fo llo w in g  
a ssu m p tio n s:
•  T h e  sa te llite  specific  fu n c tio n s  shall b e  lo c a te d  in  th e  E S C s in  o rd e r  to  m in im ize  th e  
m o d ifica tio n  to  th e  G S M  system . H o w e v e r , so m e  m od ifica tio n s to  th e  G S M  are  
in e v ita b le  in  o rd e r to  acco m m o d a te  th e  sa te llite  sp ec ific  fu n c tio n a lity .
•  A n  in te g ra te d  M S C  is a s so c ia te d  w ith  o n e  E S C ;
•  A  te rm in a l p o s itio n  b ased  m o b ility  m a n a g e m e n t sch em e (T P B ) is ad o p ted .
7.3.1.1 Distributed Network Architecture
T h e  d is tr ib u te d  n e tw o rk  a rc h ite c tu re , as d iscu ssed  in s e c t io n  7 .2 , is a d o p te d  fo r  m an ag in g  
th e  sa te llite  re so u rc e . In  th is  a rch itec tu re , th e  sa te llite  re so u rc e  (S R ) m a n ag em en t fu n c tio n  
is p e rfo rm e d  by  an  E S C  w ith in  a  sa te llite  c o v e ra g e  a rea . B e c a u se  o f  th e  sa te llite  dynam ics, 
th e  S R  s ta tis tic s  m u s t b e  d o w n -lo a d e d  fro m  th e  orig inal E S C 1  to  th e  n ew  E S C 2 , ca lled  
E S C ’s h a n d o v e r  (F ig u r e  7 -2 ) .
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Figure 7-3 The distributed satellite network architecture (single MSC)
D u e  to  th e  large co v e ra g e  o f  sa te llites, it is m o st likely th a t tw o  E S C s are  p o s itio n e d  in 
d iffe ren t G S M -M S C  areas o r  possib ly  in d iffe ren t P L M N s (F ig u re  7 -2 ). I t  is a ssu m ed  th a t 
each  E S C  is un iquely  asso c ia ted  w ith  one  M S C  in o rd e r  to  m in im ize th e  te rres tria l d is tan ce  
b e tw een  th em . It can  a lso  red u ce  the  co m plex ity  o f  the  in teg ra ted  M S C  b ro u g h t by the 
sa te llite  d y n am ics since  the sa te llite  d y n am ic  co v erag e  is m an ag ed  by  th e  E S C .
W hen  an E S C ’s h a n d -o v e r o ccu rs , a  ro u tin g  fu n c tio n  is req u ired  in th e  in te g ra te d  M S C  to  
p e rfo rm  ro u tin g  m an ag em en t fo r  any unfin ished  calls u sing  the  M A P /E  p ro to c o l. 
A d d itiona lly , ro u tin g  “tro m b o n in g ” m ay o c c u r  as d em o n stra ted  in F ig u re  7 -3 . In th is  figure  
tw o  P L M N s are  show n  - a  ho m e P L M N  and  a roam ing  P L M N 1 . I f  a  m ob ile  s ta tio n  (M S ) 
reg is te rs  w ith  M S C 1 /S -V L R 1  w hich  is lo ca ted  in P L M N 1 , a m obile te rm in a ted  call w ill be 
ro u te d  fro m  G M S C  to  M S C 1 ev en  w hen  the  calling  subscrib er is in th e  H o m e P L M N . 
A cco rd in g  to  the  G S M  sp ec ifica tion , an a n ch o r M S C  (M S C 1 ) d o es  n o t ch an g e  d u rin g  the  
life tim e  o f  a  call - a  billing req u irem en t. W hen  th e  co n ce rn ed  sa te llite  is h an d ed  o v e r  from  
E S C 1 to  E S C 2 , th e  calls initially lan d ed  at M SC 1 have to  be ro u te d  fro m  it to  E S C 2  
th ro u g h  M S C 2  w h ich  is in the  h o m e P L M N .
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7.3.1.2 Mobility Management Schemes
A s d isc u sse d  in  sec tio n  7 .2 .2 , th e  G C A  m obility  ap p ro ach  w ill b rin g  th e  im p lem en ta tio n  
b u rd e n  to  an  in te g ra te d  M S C . T h e re fo re , a  te rm inal p o sitio n  b a se d  m ob ility  m an ag em en t 
(T P B ) sch em e  is c o n s id e re d  he re . A  p re re q u is ite  o f  th is ap p ro ach  is th a t  an  M S  h as  the  
ability  to  d e te rm in e  its p o s itio n . A  se t o f  m ob ile  lo ca tio n  p a ram e te rs  ( la t i tu d e ,  lo n g i tu d e ,  
dthr ) ,  w h ic h  is p ro v id e d  b y  th e  M S  d u rin g  th e  lo ca tio n  u p d a tin g , is s to red  in  th e  S -V L R .
7 .3 .1 .2 .1  P ag in g  F u n c tio n
P a g in g  fu n c tio n  is p a r t  o f  ca ll se t-u p  fun c tio n . I t  d e te rm in es th e  p a g in g  sa te llite s  an d  sp o t 
b e a m s’ (S B ) ID  u sin g  th e  ep h em eris  o f  a  sa te llite  co n ste lla tio n  an d  th e  m o b ile  lo ca tio n  
p a ra m e te rs  as inpu ts  to  a  p ag in g  a lg o rith m . B ec a u se  o f  th e  v isib ility ’s fro m  m u ltip le  
sa te llite s , th e  p ag in g  signalling  is m o s t likely to  b e  issu ed  fro m  m o re  th a n  o n e  sa te llite . 
H en ce , th e  c o -o p e ra tio n  b e tw e e n  p a g in g  fu n c tio n s  in  d iffe ren t E S C s  (o r  d iffe ren t in te g ra te d  
M S C s) is req u ired .
T h e  p a g in g  fu n c tio n  can  be  lo c a te d  e ith e r in th e  in teg ra ted  M S C , ju s t  as in  th e  G S M  
sy stem , o r  in  th e  E S C  w hich  is a  sa te llite  specific  n e tw o rk  en tity . In  th e  fo rm e r  case , 
sa te llite  spec ific  p ag in g  fu n c tio n  is p a r t  o f  th e  in teg ra ted  M S C . T h e  p a g in g  s ignalling  is 
ex c h a n g e d  (R R  layer) a t th e  E  in te rface  b e tw e e n  tw o  in te g ra te d  M S C s. A  M A P /E  
P A G IN G  m essag e  th a t is n o t  su p p o rte d  in  th e  G S M  sy stem  n eed s  to  b e  d efin ed  fo r  th e  
in te g ra te d  sa te llite  an d  G S M  sy s te m  ( F ig u r e  7 -3 ) .
In  th e  la tte r  case , a  M S C  p ro v id es  th e  p ag in g  n eed ed  p a ram e te rs  to  th e  a sso c ia te d  E S C  
( F ig u r e  7 -3 ) .  T h e  p ag in g  fu n c tio n  in  th e  E S C  d e te rm ines th e  p ag in g  sa te llite s  an d  S B s. T o  
dea l w ith  th e  c o o p e ra tio n  o f  p ag in g  fu n c tio n s in  d iffe ren t E S C s, a  d ire c t s ignalling  channel 
is re q u ire d  b e tw e e n  th em . T h e  E S C  th a t issu es  th e  p ag in g  c o m m a n d  to  o th e r  E S C s  is ca lled  
th e  m a s te r  E S C , w h e re a s  th e  E S C s  th a t rece iv e  p ag in g  signalling  a re  slav e  E S C s. T h e  slave  
E S C s  sim ply  sch ed u le  th e  p a g in g  c o m m an d  o n  th e  p ag in g  channe l an d  tra n sm it it  to  th e  
a s so c ia te d  sa te llites . In  th e  G S M  system , th e re  is no  signalling  link  b e tw e e n  B S C s. T o  
ex c h a n g e  th e  p ag in g  signalling  (F ig u r e  7 -3 )  b e tw e e n  E S C s, a  S C C P  signalling  link  m u s t b e  
e stab lish ed  b e tw e e n  E S C s. A s so o n  as a d ed ic a te d  channel is a llo ca ted  to  th e  c o n c e rn e d  
M S , th e  p ag in g  tran sac tio n  is te rm in a ted  and  th e  S C C P  c o n n ec tio n  b e tw e e n  E S C s  is 
re leased .
C o m p arin g  th e  ab o v e  tw o  ca se s , th e  la tte r , i.e . th e  p ag in g  fun c tio n s lo c a te d  in  th e  E S C s , is 
c h o se n  s in ce  it  req u ire s  le ss  m o d ifica tio n  to  th e  G S M -M S C .
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Figure 7-4 Paging function and signalling protocol 
7 .3 .1.2 .2  M ob ile  L o ca tio n  P rob lem
In th e  sing le  M S C  in teg ra tio n  scen ario , the  p ro b lem  th a t a  m obile  m ay n o t be d irec tly  
c o n n e c te d  w ith  its re g is te r  a rises d u e  to  the  sa te llite  m ovem en t. B e c a u se  o f  the  u n ique  
re la tio n sh ip  b e tw een  an  in teg ra ted  M S C  an d  an E S C , the S -V L R  (c o llo c a te d  w ith  an M S C ) 
m u st a sso c ia te  itse lf  w ith  an E S C  co v e ra g e  a rea . W ith  the  m o v em en t o f  a  sa te llite , the  
c o v e ra g e  o f  an E S C  is co n tin u o u sly  chan g in g . T h e re fo re  it is p o ssib le  th a t an M S  an d  its 
re g is te r  (S -V L R ) v ia  the  a sso c ia ted  E S C  v iew  d iffe ren t sa tellites a t th e  m o m en t o f  call s e t­
up .
A s sh o w n  in F ig u r e  7 -3 , it is a ssu m ed  th a t an M S  reg is te rs  w ith  S -V L R  l .  W hen  a  sate llite  
m o v es fro m  P I  to  P 2 , it is c o n tro lle d  by E S C 2  in stead  o f  E S C 1 . T h e  M S  m ay still be 
m o n ito rin g  the  sam e  sa te llite  at the  m o m en t a  ca ll se t-u p  req u est is tr ig g e red  b ecau se  it on ly  
u p d a te s  its lo ca tio n  w hen  it has trav e led  a d is tan ce  in excess o f  th e  th re sh o ld . In th is  case , 
th e  signalling  p ro c e d u re s  fo r  m obile  te rm in a ted  and  o rig in a ted  call s e t-u p  a re  d esc rib ed  as 
fo llow s.
A  m ob ile  te rm in a ted  call is lan d ed  a t th e  M S C l/S -V L R l w hich  is th e  ro am in g  p e e r  fo r  the  
ca lled  M S . T h e  p ag in g  c o m m an d  is b ro a d c a s t by th e  E S C l to  th e  m obile  v ia  d iversity  
sa te llite s . H o w ev e r, a  p ag in g  re sp o n se  is rece iv ed  at E S C 2 , and  the  M SC 1 (an ch o r M S C ) is 
re q u e s te d  (v ia  E S C 2 —» E S C l—» M S C l signalling  link) to  red irec t the  call to  the  M S C 2  
(re lay  M S C ). It can  be seen  th a t an  ineffic ien t ro u tin g  resu lts  in th is c a se  sim ply b ecau se  an 
M S is n o t co n n e c te d  w ith  its reg is te r.
A s to  a  m obile  o rig in a ted  call, the  E S C 2  rece iv es  a channel re q u e s t and  th e  re g is te r  o f  the 
M S  is c o n n e c te d  to  the  M S C  l (E S C  l) .  T h e  lo ca tio n  u p d a tin g  w ith  S -V L R 2  m u st be 
p e rfo rm e d  p r io r  to  o th e r  call se t-u p  signalling  being  exch an g ed . S ignalling  tra n sa c tio n s  
b e tw e e n  S -V L R 2  and  S -V L R  l are  req u ired  to  p e rfo rm  the  au th en tica tio n  p ro c e d u re  and  
fe tch  the  m o b ile ’s su b sc rip tio n  p ro file . T h is  re su lts  an ex ten d ed  ca ll se t-u p  delay .
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7.3.1.3 Diversity Channel Allocation Approach
In a n o n -G E O  sate llite  en v iro n m en t, o v e rlap p in g  usually  ex ists  a t th e  b o u n d ary  o f  the  
c o v e ra g e  a rea . S o m e sa te llite  co n ste lla tio n s are  o p tim ized  fo r m ax im izing  th e  o v e rlap p in g  
a reas  as sa te llite  d iversity  can  p ro v id e  a  sm o o th  h an d o v er in ad d itio n  to  an im p ro v ed  
channel p e rfo rm an ce  c o u n te ra c tin g  the  fad ing  effec t. A cco rd in g  to  [B IS 9 6 ], 9 9 %  d iversity  
sa te llite  availability  can  be g u a ra n te e d  in the  IC O  10 and  G lo b a ls ta r  co n ste lla tio n s , on 
co n d itio n  th a t the  d is tan ces  b e tw een  u se r  and  E S  are less than  1200km  and  50 0 k m  
resp ec tiv e ly .
A s c la im ed  in s e c t io n  7 .2 ,  the  p ro c e d u re s  fo r a lloca ting  channels fro m  tw o  sa te llites  can  be 
sim ilar to  th e  G S M  in te r-M S C  h an d o v e r p ro ced u re . S ince the  call h a n d o v e r fu n c tio n  is 
g o v e rn e d  by the  M S C  in the  G S M  system , it is m o re  co n v en ien t fo r  an  in te g ra te d  M S C  to  
be in ch a rg e  o f  th e  d iversity  channel m an ag em en t. In th is case , m o d ifica tio n s to  the  
fu n c tiona lity  o f  the  in teg ra ted  M S C  and  re la ted  signalling  p ro to c o ls  w o u ld  be inev itab le  in 
o rd e r to  p e rfo rm  the d ivers ity  ch an n el m an ag em en t. A  new  fu n c tio n  ca lle d  d iv e rs ity  channel 
a ss ig n m en t (D A ) is req u ired  in it.
ESC1 Anchor SMSC1
fiBSSMAP- 1st assignment requirei
DTAP-DA command
Relay MSC2 ESC2 SVLR2 MS
etermine the diversity sat ./SB 
MAP/E perform DA request
MAP/E perform DA request act
MAP/E process access signal req.
MAP/B-DA number req.
j BSSMAP-DA request/ack^
MAP/B-serul DA report/response
R1L3-RR DA command
BSSMAP- first assignment 
complete MAP/E send end signal req./resp.
BSSMAP-DA detect RILS-RR DA access
BSSMAP-DA complete
R1L3-RR DA complete
SMSC establishes the diversity-satellites 
pathes to the MS via the ESCs
Figure 7-5 Signalling flow o f diversity channel allocation (single MSC)
T h e  signalling  p ro c e d u re  fo r  d iversity  channel a llocation , as sh ow n  in F ig u r e  7 -4 ,  is 
d esc rib ed . A lth o u g h  the  signalling  p ro to c o ls  fo r  d iversity  channel a llo ca tio n  are  sim ilar to  
th e  G S M  h an d o v e r signalling  p ro to c o l, the  co n seq u en t signalling  tran sac tio n s  a t the 
sa te llite  a ir-in te rface  are  d iffe ren t fro m  th o se  fo r  the call h an d o v e r fu n c tio n . T h ey  are 
c o n s id e re d  as d iffe ren t app lica tio n s. A  d iversity  channel a llocation  re la ted  fu n c tio n s are 
re q u ire d  in re lev an t n e tw o rk  en tities: M S , E S C s and  in teg ra ted  M S C s. In  d iversity  channel 
a llo ca tio n  re la ted  signalling , an  in fo rm ation  e lem en t and  a m essag e  ty p e  m u st be d e fin ed  in 
o rd e r to  d is tin g u ish  it fro m  the h an d o v e r s igna lling .
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7.3.2 Split MSC Integration Scenario
In th is  in teg ra tio n  scen ario , the  sa te llite  system  has its ow n  S a te llite  M o b ile  S erv ice  C e n te r  
(S M S C ) w h ich  is sep a ra ted  fro m  th e  G S M -M S C , and  an asso c ia ted  S -V L R . O bv iously , the  
sp lit M S C  p ro v id es  the  feasib ility  fo r  o p tim iz ing  the  sa tellite  n e tw o rk  a rc h ite c tu re  to  
a c c o m m o d a te  the  specia l req u irem en ts  o f  the  sa te llite  system s. T h e  o p tim iza tio n  is rea lized  
th ro u g h :
•  S ep a ra tin g  the  sw itch in g  fu n c tio n  fro m  the S M S C ;
•  D e fin in g  a fix ed  g eo g rap h ic  a rea  as an S M S C ’s location  area.
Figure 7-6 The distributed network architecture (split MSC)
7.3.2.1 Network Architecture
T o  a tta in  th e  call ro u tin g  o p tim iza tio n , w e sep a ra te  the basic call co n tro l (co n n ec tio n  
c o n tro l)  fu n c tio n  fro m  the  se rv ice  co n tro l fun c tio n . T h e  fo rm er is p e rfo rm e d  by th e  local 
ex ch an g es  (L E ) in the  b ack b o n e  n e tw o rk . T h e  la tte r  included  in th e  S M S C  su p p o rt call 
c o n tro l and  m obility  m an ag em en t fu n c tio n s, such as call h an d o v er, lo ca tio n  u p d a tin g  and  
m obile  lo ca tio n . T h is sep a ra tio n  co n fo rm s w ith  th e  co n c e p t o f  th e  In te llig en t N e tw o rk  th a t 
is a lso  th e  ev o lu tio n  d irec tio n  to  th e  th ird  g en era tio n  o f  persona l co m m u n ica tio n  system s
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([B L A 9 2 ] an d  [B R 0 9 3 ]) . T h e  sp lit M S C  in teg ra tio n  scen ario  m ak es  th is  sep a ra tio n  feasib le  
in  th e  sa te llite  n e tw o rk .
In  o rd e r  to  m in im ize  th e  e ffec t o f  sa te llite  d ynam ics, a  fixed  L A  (F ig u r e  7 -6 )  is a llo ca ted  to  
an  S M S C . T o  m a in ta in  th e  co n n ec tio n s  w ith  all th e  M S s w ith in  th e  L A , a  S M S C  m u st h av e  
sig na lling  c o n n e c tio n s  v ia  a  n u m b e r o f  E S C s  to  th e  a sso c ia ted  sa te llites  w h ich  a re  v isib le 
f ro m  th e  S M S C ’ L A . T h e  sp lit M S C  in teg ra tio n  a p p ro ach  m ak es i t  v iab le  to  h a v e  an  
in d e p e n d e n t S M S C  d esig n ed  to  m ain ta in  dynam ic  co n n ec tio n s w ith  a  n u m b e r o f  E S C s . 
A n o th e r  ad v an tag e  is th e  fa c t th a t th e  S M S C  rem ains th e  call c o n tro l p o in t fo r  m obiles 
co n fin e d  w ith in  its L A .
T h e  d e ta iled  call re -ro u tin g  p ro c e d u re  d u e  to  sa te llite  h an d o v e r b e tw e e n  tw o  E S C s  is 
d e sc rib ed  as fo llo w in g  (F ig u r e  7 -6 ) .  O w in g  to  th e  sa te llite  m o v em en t, th e  c o n c e rn e d  
sa te llite  is  h a n d e d  o v e r  fro m  E S C 1  to  E S C 2 . E v en  th o u g h  th e  sa te llite  is still v isib le  fro m  
th e  L A I  o f  th e  S M S C 1  a t th is  p o s itio n  (P 2 ), th e  S R  m an ag em en t fu n c tio n  h as  a lread y  b een  
p a sse d  to  th e  E S C 2 . A s lo n g  as an  M S  rem ains in  th e  L A I , th e  call h a n d o v e r  b e tw e e n  tw o  
E S C s  is u n d e r  th e  c o n tro l o f  th e  S M S C 1 . F o r  sim plicity , it  is a ssu m ed  th a t th e  sam e 
sa te llite  ch an n e l is u se d  b e fo re  an d  a fte r  h an d o v e r. T h e  M S  on ly  n eed s to  ad ju s t th e  tim ing  
a d v a n c e  u n d e r  th e  n e tw o rk  c o n tro l (E S C 2 ). T h e  call ro u tin g  is a d ju s ted  acco rd in g ly  in  th e  
n e tw o rk  seg m en t. T h e  te rre s tr ia l chan n els  fro m  a  local ex ch an g e  (L E 2 ) w h ich  is n e a re s t to  
th e  E S C 2  are  a ss ig n ed  fro m  th e  S M S C 1  to  th e  E S C 2  v ia  th e  A -in te rface . T h e  un fin ish ed  
ca lls  a re  ro u te d  to  L E 2  by  rem o v in g  th e  L E I .  T h e  in te r-M S C  h a n d o v e r  fo re seen  in  th e  
s ing le  M S C  in teg ra tio n  scen ario  c o u ld  b e  re p laced  by  th e  in te r-E S C  h a n d o v e r  th a t  is 
c o n tro lle d  by  th e  S M S C 1 . In  a  d is tr ib u ted  sa te llite  n e tw o rk  a rc h ite c tu re , th e  sp lit M S C  
in te g ra tio n  scen a rio  can  av o id  th e  in v o lv em en t o f  an  e x tra  n e tw o rk  en tity  (S M S C 2 ) in  th e  
signalling  re la te d  to  th e  sa te llite  h a n d o v e r b e tw een  th e  E S C s, p ro v id e d  th e  m obiles rem ain  
in  th e  sam e  L A . T h e  call ro u tin g  is a lso  o p tim ized  by  sep ara tin g  th e  c o n n ec tio n  an d  call 
co n tro l fu n c tio n s .
7.3.2.2 Mobility Management Scheme
T o  ta c k le  th e  m o b ile  lo ca tio n  p ro b lem  en v isag ed  in th e  sing le  M S C  in te g ra tio n  scen ario , a  
G S M  ty p e  m ob ility  m an ag em en t schem e, a lso  k n o w n  as g u a ra n te e d  c o v e ra g e  a re a  (G C A ) 
ap p ro ach , is  co n s id e re d  in  th e  sp lit M S C  in teg ra tio n  scenario .
W ith  G C A  a p p ro a c h , a  fixed  g eo g rap h ic  L A  (F ig u r e  7 -6 )  is d e fin ed  fo r  an S M S C . T h e  
M S s  a re  re q u ire d  to  m ak e  a  lo ca tio n  u p d a tin g  if  th e  d e te c te d  L A I is d iffe ren t fro m  th e  
o rig in a l. T h e  in d ep en d en t S M S C  can  b e  d es ig n ed  to  m anage , v ia  a sso c ia te d  E S C s , th e  
d y n am ic  co n n ec tio n s  w ith  th e  sa te llites  an d  th e ir  S B s w hich  illum inate  th e  L A . T h e  L A I is 
b ro a d c a s t b y  th e  a sso c ia te d  S M S C  th ro u g h  all th e  S B s illum inating  th e  L A . T h e re fo re , th e  
sa te llite  m o b ility  is o n ly  m a n ag ed  b y  th e  n e tw o rk  in s tead  b y  the  m o b ile s .
T h e  a d v an tag es  are  tw o  fo ld . F irstly , an  M S  is a lw ays d irec tly  c o n n e c te d  to  its  S M C S /S - 
V L R  re g a rd le ss  o f  th e  sa te llite  m o v em en t. S eco n d ly , an S M S C  rem ains a  ca ll c o n tro l p o in t,
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as p o in te d  o u t in the last sec tio n , w h ich  m ak es e x tra  call ro u tin g  signalling  b e tw een  th e  tw o  
S M S C s un n ecessa ry .
F o r  th e  G C A  ap p ro ach , the  lo ca tio n  u p d a tin g  signalling  load  at th e  sa te llite  a ir-in te rface  
d ep en d s  on  the  L A  size. I f  the  L A  is la rge , the  p ag in g  signalling  load  will a lso  be very  high. 
F o r ex am p le , the n u m b er o f  p ag in g  S B s is 20  and  42  fo r IC O  10 (1 6 3 S B s), L E O 66 (61 S B s) 
resp ec tiv e ly  in an a rea  (50° o f  la titu d e) w ith  rad ius o f  1000km . T o  im prove  the  p ag ing  
p e rfo rm an ce , the  size o f  the  L A  has to  be red u ced . T h e  op tim u m  L A  size  fo r  L E O 66 and  
IC O  10 has been  fo u n d  in C h a p te r  4  by m inim izing bo th  the  lo ca tio n  u p d a tin g  and  p ag ing  
signalling .
T h e  b es t lo ca tion  fo r a sa te llite  specific  p ag ing  F E  is in the S M S C s. T h is  is b ecau se  a) a 
sp lit S M S C  is c o n n e c te d  to  all the  E S C s w hich  co n tro l the  sa te llites  th a t illum inate  the  
S M S C ’s L A , and  b) the  p ag in g  signalling  is b ro a d c a s t th ro u g h  the  d iversity  sa te llite s’ SB s. 
In th is case  the  B S S M A P -p ag in g  m essag es sen t th ro u g h  the  A -in te rface  to  th e  p ag in g  
E S C s are  th e  sam e  as th o se  in the G S M  system .
7.3.2.3 Diversity Channel Assignment Approach
S im ilar to  the  in teg ra ted  M S C  in the  single M S C  in teg ra tion  scen ario , a  D A  fu n c tio n  is 
req u ire d  in a sp lit S M S C . It is a ssu m ed  th a t E S C 1 and  E S C 2  co n tro l the  p rim ary  and  
seco n d ary  sa te llites respective ly . B ecau se  SM SC 1 has signalling  links to  b o th  E SC 1 and  
E S C 2 , the  signalling  co n n ec tio n s  to  the E S C 2  will no t involve the  relay  S M S C 2 . T h e  call 
ro u tin g  to  th e  d iversity  sa te llites and  a sso c ia ted  E S C s can  be o p tim ized  by se lec tin g  the 
sh o rte s t te rres tria l links. C o m p a re d  to  the  single M S C  in teg ra tion  scen ario , the  signalling  
p ro ced u res  fo r the d iversity  channel ass ig n m en t and  call rou ting  are  s im p lified .
ESC1 Anchor SMSC1
B S S M A P - ls t  a s s ig n m e n t r eq u ired
D T A P -D A  c o m m a n d
B SSM A P - f i r s t  a ss ig n m e n t 
c o m p le te
ESC 2
determine the diversity sat./SB
B SSM A P -D A  request/ack .
<— ------ ►
R IL 3 -R R -D A  co m m a n d
B SSM A P -D A  d e tec t
B SSM A P -D A  com p le te
A-  - - - ►
( SMSC establishes the diversity-satellites pathes to the MS via the ESCs
MS
R IL 3 -R R -D A  a cc ess
R IL 3 -R R -D A  co m p le te
Figure 7-7 Signalling flow o f diversity channel allocation (split MSC)
T h e  signalling  p ro c e d u re  fo r  co n d u c tin g  d iversity  channel a llocation  is p re se n te d  in F ig u r e  
7-7. A s an an ch o r p o in t, S M S C 1 de te rm in es the  can d id a te  sate llites and  S B s b ased  on  the
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d iv e rsity  in fo rm atio n  re c e iv e d  fro m  th e  M S  co n cern ed . D u e  to  th e  d ire c t s ignalling  
c o n n e c tio n  b e tw e e n  S M S C 1  an d  E S C s , th e  M A P /E  an d  M A P /B  signalling  h as  been  
re m o v e d . T h e  S M S C 1  is th e  on ly  co n tro l p o in t fo r  th e  c o n n e c tio n s  to  th e  d iversity  
sa te llites.
7.3.3 Comparing o f  Two Integration Scenarios
S o  fa r  w e  h av e  d iscu ssed  th e  d is trib u tio n  o f  call se t-u p  re la te d  fu n c tio n s , su ch  as th e  
p ag in g , d iversity  a ss ig n m en t an d  sa te llite  re so u rc e  co n tro l fu n c tio n s. T h e  m o d ifica tio n s  to  
G S M  fu n c tio n s  an d  signalling  p ro to c o ls  fo r  p ro v is io n  o f  th e  sa te llite  se rv ices  in  tw o  
in te g ra tio n  scen ario s  h av e  a lso  b een  in v estig a ted . T h e  p u rp o se  o f  th is  s tu d y  is to  m in im ize 
th e  c h an g es  in  th e  G S M  sy s tem  n e e d e d  fo r  th e  in teg ra tio n  o f  th e  sa te llite  se rv ices. In  th is 
sec tio n , w e  w ill c o m p a re  th e  tw o  in teg ra tio n  scen ario s  fro m  tw o  v iew  p o in ts : (j) th e  
m o d ific a tio n s  to  th e  G S M  sy s te m  req u ired , (ii) th e  s ig n a llin g  lo ad  in  th e  n e tw o rk .
7.3.3.1 Summary o f  Two Integration Scenarios
T h e  co m p ariso n s  o f  tw o  in te g ra tio n  scen ario s  a re  su m m arized  an d  p re se n te d  in  T a b le  7 -1 .  
In  c o n tra s t  to  th e  sing le  M S C  in teg ra tio n  scen ario , th e  sp lit M S C  in te g ra tio n  scen ario  
o b v io u s ly  n eed s  fe w e r m o d ifica tio n s  to  th e  G S M  n e tw o rk  en tities  an d  less s ig n a llin g  lo a d  a t 
th e  B /E -in te rfa c es . S in ce  th e  sp lit M S C  in teg ra tio n  scen ario  im p lem en ts  th e  in te g ra tio n  on  
th e  E -in te rfa ce , th e  c o m m u n ica tio n  m a n ag em en t fu n c tio n  in th e  in te g ra te d  co m p o n e n ts  is 
re la tiv e ly  in d e p e n d e n t fo r  tw o  seg m en ts . T h is  a llow s th e  sy stem s to  b e  ind iv idually  
op tim ized . In  ad d itio n , th e  lo ca tio n s  o f  E S C s , an d  th e  links b e tw e e n  an  S M S C  an d  its 
a sso c ia te d  E S C s , can  b e  o p tim iz e d  to  a cco m m o d a te  th e  req u irem en ts  o f  a  sa te llite  
co n s te lla tio n .
T h e  s in g le  M S C  in teg ra tio n  scen a rio  req u ire s  c lo se  c o o p e ra tio n  b e tw e e n  th e  sa te llite  and  
G S M  sy s te m  o p era to rs . A lth o u g h  th e  c o o p e ra tio n  is d ifficu lt in  p ra c tic e , it  is v e iy  a ttra c tiv e  
b e c a u se  it  c a n  re d u c e  th e  n u m b er o f  n e tw o rk  en tities and  a llow s m o re  flex ib le  and  
o p tim iz e d  ra d io  re so u rc e  a llo ca tio n  s tra teg ies . T h a t w o u ld  le a d  to  sy s te m  c o s t red u c tio n .
T h e  re q u ire d  m o d ifica tio n s to  th e  G S M  fu n c tio n s in tw o  in teg ra tio n  scen ario s  a re  a lso  
in v es tig a ted . T a b le  7 -2  g ives a  lis t o f  signalling  m essag es u se d  in  tw o  in te g ra tio n  scen ario s , 
w h ich  a re  e ith e r  th e  m od ified  G S M  m essag es  o r  th o se  th a t a re  n o t  d efin ed  in  th e  G S M  
sy stem . F o r  in s tan ce , all D A  re la te d  signalling  m essag es  are  n o t  u se d  in th e  G S M  system . 
H o w e v e r , th ey  a re  m o d ified  v ers io n s o f  G S M  h an d o v e r m essag es o w in g  to  th e  sim ilarity  
b e tw e e n  th e  tw o  k inds o f  signalling . D iversity  ass ig n m en t and  h a n d o v e r  signalling  a re  
d is tin g u ish ed  by  m essag e  ty p e  c o d e s  an d  a re  u se d  fo r  d iffe ren t fu n c tio n s . A s fa r  as th e  
s ig na lling  m essag es  a re  c o n ce rn ed , th e  sp lit M S C  in teg ra tio n  scen a rio  req u ire s  less 
m o d ific a tio n  to  G S M  m essag es  th an  th e  s in g le  M S C  in teg ra tio n  scenario .
119
Chapter 7 Call Handling Functions in Integration o f Satellite and GSM System
S in g le  M S C  in teg ra tio n  scen ario S p lit M S C  in teg ra tio n  scen ario
Call handover between ESs due to satellite dynamics
T h e  ro u tin g  s ig n a llin g  u se s  th e  G S M  in te r- 
M S  C  h a n d o v e r  p ro c e d u re
T h e  ro u tin g  sig n a llin g  u se s  the  G S M  
in te r-B S C  h a n d o v e r p ro c e d u re
ro u tin g  “ tro m b o n in g ” o p tim u m  ro u tin g
Mobility management approach
T e rm in a l p o sitio n  b a se d  m o b ility  (T P B ) G u aran teed  c o v e ra g e  a re a  (G C A )
1. A  S a te llite  sp ec ific  p a g in g  F E  lo ca tes  in  a
E S C s:
•  B S S M A P -P A G IN G  P A R A M E T E R  
m e ssa g e  (M S C —> m a s te r  E S C );
•  B S S M A P -P A G IN G  m e ssa g e  (m aste r 
E S C  TOslave E S C s);
2. A n  M S  m ay  n o t d irec tly  co n n e c t w ith  its 
S -V L R :
•  A  m o b ile  te rm in a ted  call is  ro u ted  v ia  a 
re lay  M S C ;
•  S ig n a llin g  tran sac tio n s b e tw e e n  S -V L R s 
a re  req u ired .
1. A  S ate llite  specific  p a g in g  F E  is in  th e  
S M S C :
B S S M A P -P A G IN G  m e ssa g e  (S M S C  
—>ESCs) is  sam e  as th a t in  G S M  sy stem ;
2. A  m obile  is a lw ays d irec tly  c o n n e c te d  
w ith  its lo ca tio n  reg is te r.
Diversity assignment (D A  fu n c tio n  lo ca te s  in  th e  in teg ra ted  M S C  o r  S M S C )
G S M  in te r-M S C  ca ll h a n d o v e r  p ro c e d u re G S M  in te r-B S C  ca ll h a n d o v e r 
p ro ced u re .
Table 7-1 The summary o f comparisons between two integration scenarios
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G SM Direction Single M SC Split M SC Direction
BSSM A P
Paging M SC ->B SC Paging parameter Paging M S C —>ESC
N /A N/A Paging N/A m aster E SC —> 
slave ESC
h a n d o v e r(H O )
re q u e s t
relay M SC 
—>BSC
Diversity 
assignment (DA) 
request
DA request M SC —>ESC
H O  request ack. B SC —> 
relay M SC
DA request ack. DA req. ack E SC —» M SC
Assignm ent
request
anchor M SC 
—>BSC
First assignment 
required
First assignment 
required
M S C —>ESC
Assignm ent
complete
BSC —» 
anchor M SC
First assignment 
complete
First assignment 
complete
E SC —>MSC
H O  com plete B SC —> 
relay M SC
DA complete DA complete E SC —»MSC
HO  detect B SC —> 
relay M SC
DA detect DA detect E SC —»MSC
D TA P
HO com m and anchor 
M SC —>BSC
DA command DA command M S C —>ESC
M A P/E
N/A N/A Paging(l) N/A anchor M SC  —> 
relay M SC
Perform  HO anchor M SC 
—> relay M SC
Perform DA N/A anchor M SC  —> 
relay M SC
Perform  HO 
ack.
relay M SC —> 
anchor M SC
Perform DA ack. N/A relay M SC ->  
anchor M SC
Process access 
signal request
relay M SC —> 
anchor M SC
Process access 
signal request
N/A relay M SC  ->  
anchor M SC
Send end signal 
request/response
anchor M SC 
o r e l a y  M SC
Send end signal 
request/response
N/A anchor M SC  
o r e la y  M SC
RIL3
HO  com m and B SC —>MS RR-DA command RR-DA command E S C -^M S
H O  com plete M S —>BSC RR-DA complete RR-DA complete M S —>ESC
M M -location 
updating req.
M S —>BSC MM-location 
updating request (2)
M M -location 
updating req.
M S—>ESC
M M -location 
updating  accept
B SC —> M S MM-location 
updating accept
M M -location 
updating accept
E SC —>MS
N ote 1. Paging FE  locates in an integrated M SC.
N ote 2. The location area identity included in the location updating request and location updating 
accept m essages is replace by the m obile position parameters (la titu d e , lo n g itu d e , d ti„•)
Table 7-2 Summary o f signalling messages in GSM system and two integration scenarios
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7.3.3.2 Call Set-up Related Signalling Load
T h e  c o m p ariso n  b e tw e e n  tw o  in teg ra tio n  scen ario s  has b een  c o n d u c te d  v ia  s im u la tion . F o r  
s im p lic ity , th e  s im u la tio n  does n o t co n ta in  all o f  th e  sign a llin g  p ro c e d u re s . O nly  th e  call s e t­
u p  re la te d  signalling  p ro c e d u re s  specific  to  th e  S -P C N , w h ich  h av e  b e e n  d iscu ssed  in  th e  
p re v io u s  sec tio n s , a re  c o m p a re d  b e tw e e n  tw o  in teg ra tio n  scen ario s . T h e  resu lts , sh o w n  
la te r , m ere ly  co n ta in  th e  c o m p o n e n ts  o f  th e  call se t-u p  re la te d  signalling  p ro c e d u re s . T h ey  
in c lu d e  th e  d iversity  channel a llo ca tio n , th e  call re -ro u tin g , p ag in g  a n d  au th en tica tio n  
s ignalling  tran sac tio n s . T h e re fo re , th e  th ro u g h p u t va lues c a n n o t b e  u se d  to  co n fig u re  th e  
cap ac ity  o f  s ig n a llin g  lin k s  ab so lu te ly  b u t a re  n ev erth e less  g o o d  in d ica tio n  o f  trends.
4 ---------- Call re-routing procedure for satellite handover
4 —------- ► Channel allocation procedure for diversity satellite
4 - — —► Paging procedure
4 ----------► Authentication procedure for mobile originated call set-up due to mobile location problem
Figure 7-8 Simulation approach fo r  network signalling load in integrated system
F ig u r e  7 -7  illu stra te s  th e  sim u la tio n  d iag ram  o f  th e  signalling  lo a d  fo r  th e  tw o  in te g ra tio n  
scen a rio s . F o r  th e  sing le  in teg ra tio n  scen a rio , six  n e tw o rk  en tities  a re  inc lu d ed . D u e  to  th e  
sa te llite  h a n d o v e r  b e tw e e n  E S C s, th e  n e tw o rk  ca ll ro u tin g  m a n ag em en t fu n c tio n  co n tro ls  
th e  signalling  ex ch an g es b e tw e e n  M S C s an d  E S C s  (th in  so lid  line). T o  p e rfo rm  th e  channel 
a llo ca tio n  fro m  d iversity  sa te llites , th e  signalling  is ex ch an g ed  b e tw e e n  M S C s, E S C s  and  
S V L R 2  (th ick  so lid  line). T h e  au th en tica tio n  p ro c e d u re  b e tw een  S V L R s (d o tte d  line) is 
in itia ted  by  th e  sa te llite  m o v em en t. S in ce  th e  sate llite  h a n d o v e r b e tw e e n  E S C s  is 
tra n sp a re n t to  th e  m o b iles , a  m o b ile  m ay  still re g is te r  w ith  S V L R 1 b u t accesse s  th e  E S C 2 . 
In  th is  c ase , p r io r  to  ac c e p tan c e  o f  th e  call re q u e s t by  E S C 2 , S V L R 2  n eed s  to  g e t th e  
u s e r ’s p ro file  fro m  th e  S V L R 1 . T h e  p ag in g  signalling  is b ro a d c a s t v ia  all o f  th e  v isib le 
sa te llites . B e c a u se  th e  p ag in g  fu n c tio n  is lo c a te d  in  E S C 1 , th e  p ag in g  sa te llite s  an d  S B s are
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se le c te d  b a se d  o n  th e  p ag in g  re la te d  in fo rm atio n  p ro v id e d  by  th e  M S C /S -V L R . T h e  p ag in g  
c o m m a n d  is th en  sen t to  th e  o th e r E S C s fro m  th e  m a s te r  E S C 1 .
T h e  sp lit M S C  in teg ra tio n  scen ario  in c ludes on ly  fo u r  n e tw o rk  en titie s , i.e ., S -M S C , S - 
V L R 1  E S C 1  an d  E S C 2 . D u e  to  th e  signalling  co n n ec tio n  b e tw een  an  S M S C  an d  all o f  th e  
E S C s  w h ic h  h a v e  in s tan tan eo u s  co v e ra g e  in  th e  S M S C ’s L A , th e  re lay  S M S C  an d  S -V L R 2  
a re  re m o v e d  fro m  th o se  ca ll se t-u p  re la te d  p ro c e d u re s . T h e  sa te llite  d ynam ics h as  im p ac t 
o n ly  o n  th e  s ig n a llin g  ex ch an g es  b e tw e e n  th e  S M S C  an d  th e  c o n n e c te d  E S C s.
W e  h a v e  m a d e  the  fo llo w in g  assu m p tio n s in  th e  sim ula tion :
•  T h e  ca ll a rriv a l ra te  is 2  ca ll/sec . 2 5 %  o f  ca lls  u se  d iversity  sa te llite  a p p ro a c h . H e n c e , th e  
re q u e s t ra te  fo r  d iv e rs ity  c h an n e l a llo ca tio n  is 0 .5  ca ll/sec .
•  C a ll re -ro u tin g  ra te  is 0 .5  ca ll/sec  w h e n  sa te llite  h an d o v e r hap p en s.
•  7 0 %  o f  ca lls  a re  m o b ile  o rig in a te d  an d  10%  o f  ro am in g  u se rs  are  n o t d irec tly  c o n n e c te d  
w ith  th e ir  S -V L R s d u e  to  sa te llite  m o v em en t. W h en  a  m obile  o rig in a te d  call se t-u p  
re q u e s t is  rece iv ed , th e  S -V L R 2  th a t  is cu rren tly  serv ing  th e  ca ll h as  to  p e rfo rm  an 
au th e n tic a tio n  tra n sa c tio n  w ith  S -V L R  1 fro m  w h ich  th e  tem p o ra ry  ro am in g  n u m b e r is 
a llo ca ted . T h e  au th e n tic a tio n  re q u e s t ra te  is 0 .1 4  req ./sec .
•  3 0 %  o f  ca lls  a re  m o b ile  te rm in a ted . T h e  d e riv e d  p ag in g  ra te  is 0 .6  p ag e /sec .
•  T h e  cap ac ity  o f  a  sig n a llin g  lin k  is 64kb /s.
T h e  m o d ified  B S S M A P  an d  M A P  m essag es  in  S -P C N s, w h ich  a re  re la te d  to  th e  call 
h an d lin g  fu n c tio n , a re  lis te d  in  T ab les  7 -3  to  7 -5 . T h e  deta ils  co n ta in in g  th e  m essag e  
c o n te n ts  an d  m o d ifica tio n s a re  p ro v id e d  in  A p p en d ix  B . 2 5 -o c te t s ignalling  h e a d e r  is a d d e d  
to  th e  M A P  m essag es .
S in g le  M S C O c te t S p lit M S C O c te t
D TA P D A  com m and 98 D TA P DA com m and 98
B SSM A P 1st assignm ent required 51 BSSM A P 1st assignm ent required 51
BSSM A P 1st assignm ent com plete 43 BSSM A P 1st assignm ent com plete 43
BSSM A P D A  request 90 BSSM A P DA request 90
BSSM A P D A  request ack. 91 BSSM A P D A  request ack. 91
BSSM A P D A  detect 27 BSSM A P D A  detect 27
BSSM A P D A  com plete 29 BSSM AP D A  com plete 29
M A P/E perform  D A  request 75
M A P/E  perform  D A  response 239
M A P/E  process access signalling request 230
M A P/E  send end signal request 29
M A P/E send end signal response 15
M AP/B D A  num ber request 23
M AP/B send D A  report 39
M AP/B send D A  report response 32
T able 7-3 M essages used for diversity channel allocation procedure
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S in g le  M S C O c te t S p lit M S C O c te t
B SSM A P handover required 91 BSSM A P handover required 91
B SSM A P handover request 90 B SSM A P handover request 90
B SSM A P handover request ack 93 BSSM A P handover request ack 93
D TA P handover com m and 98 DTA P handover com m and 98
B SSM A P handover detect 27 BSSM A P handover detect 27
BSSM A P handover com plete 29 BSSM AP handover com plete 29
B SSM A P clear com m and 35 BSSM A P clear- com m and 35
B SSM A P clear com plete 27 BSSM AP clear com plete 27
M A P/E  perform  handover request 58
M A P/E  perform  handover response 239
M A P/E  process access signalling request 230
M A P/E  send end signal request 29
M A P/E send end signal response 15
M AP/B handover num ber request 23
M AP/B send handover report 39
M AP/B handover report response 32
T a b le  7- 4  M essages used in  call re-routing procedure
S in g le  M S C O c te t S p lit M S C O c te t
B SSM A P paging param eter 47 BSSM A P paging to ESC1 112
B SSM A P paging 112 B SSM A P paging to ESC 2 112
B SSM A P com plete L3 inform ation 53 BSSM AP com plete L3 information 
from  ESC1
53
M A P/G  send param eter (IM SI req.) 33
M A P/G  send param eter (IM SI response) 32
T a b le  7- 5  M o b ili ty  r e la te d  c a ll  s e t-u p  m e s sa g e s
Split M SC Single M SC
A verage m essage size (octets) 61 79
M ean throughput/variance (kb/s) 5 /0 .9 11.7/12.7
M ean delay for call re-routing (ms) 57.9 103.5
M ean delay for diversity channel allocation (ms) 38.5 94
Paging procedure (ms) 20.6 26,5
T a b le  7 -6  M a in  s im u la tio n  re su lts
T h e  m a in  s im u la tio n  re su lts  a re  p re se n te d  in  T a b le  7 -6 . T h e  av e rag e  m essag e  len g th  in  b o th  
th e  sp lit an d  s ing le  M S C  in teg ra tio n  scen ario s  is a b o u t 60  an d  80  o c te ts . H o w e v e r , a  m u ch  
h ig h e r signalling  lo a d  is o b se rv e d  in  th e  sing le  M S C  in teg ra tio n  scen a rio . T h is is d u e  to  th e  
fa c t  th a t  th e  M A P  signalling  w h ich  req u ire s  m o re  signalling  o v e rh e a d  ap p ea rs  in  th e  sing le  
M S C  in te g ra tio n  scen ario . A dd itiona lly , m o re  n e tw o rk  en tities  are  in v o lv ed  in  th e  call s e t­
u p  re la te d  fu n c tio n s  fo r  th e  sing le  M S C  in teg ra tio n  scenario . F o r  th e  sam e re a so n , th e  
s ig na lling  delay  fo r  th e  call re -ro u tin g  an d  d iversity  channel a llo ca tio n  p ro c e d u re s  is m u ch  
lo n g e r  in  th e  s in g le  M S C  in te g ra tio n  scen ario  th an  th a t in  the  sp lit M S C .
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N etwork links mean length of messages 
(octets)
Throughput
(msg/sec)
Throughput
(kb/s)
Split M SC
M S C —>ESC1 80 2.63 1.686
E SC 1—>MSC 36.2 3.13 0.906
M S C —»ESC2 98.3 1.62 1.272
ESC 2—»MSC 49.3 3.03 1.197
Single M SC
A nchor M SC —»ESC 1 65 2.61 1.358
E S C 1—> A nchor M SC 53.7 1.51 0.648
Relay M SC ->E SC 2 90 1.002 0.721
E S C 2—» Relay M SC 49 3.008 1.187
A nchor M SC —»Relay M SC 65.7 2 1.054
Relay M SC —>A nchor M SC 186 3 4.48
S-V LR 1—>S-VLR2 57 0.138 0.063
S-V L R 2—>S-VLR 1 58 0.1374 0.064
E S C 1—»ESC2 42 1.61 0.543
E S C 2—»ESC 1 53 0.606 0.257
Relay M SC ->S-V LR 2 52.5 2.005 0.842
S-V LR 2—»Relay M SC 64 1.003 0.513
T a b le  7-7 S in g a llin g  lo a d  on  n e tw o rk  lin ks in tw o  in te g ra tio n  sc e n a r io s
W e su m m arize  th e  m ean  leng th  o f  m essag es and  th e  th ro u g h p u t on  th e  n e tw o rk  links in 
T a b le  7 -7 . I t can  b e  o b se rv ed  th a t th e  traffic  lo ad  on  som e signalling  links is n o t b a lan ced  
fo r  th e  u p lin k  an d  d o w n lin k . F o r in stan ce , the  d iffe ren ces  are o b v io u s on  th e  signalling  links 
b e tw e e n  a n c h o r  and  relay  M S C  in th e  single M S C  in teg ra tio n  scen ario . T h e  d isc rep an cy  is 
c a u se d  m ain ly  by th e  messages M A P /E - P R O C E S S  A C C E S S  S I G N A L L I N G  R E Q U E S T  and  
M A P /E - P E R F O R M  H A N D O V E R  R E S P O N S E , e tc .
0 .3 5
25  3 5  40  50  65  85 90  115 25 0
Length of messages (octets)
Figure 7-9 The distribution o f message length in two integration scenarios
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T h e  d is tr ib u tio n s  o f  m e ssa g e  len g th  in  th e  tw o  in teg ra tio n  scen ario s  a re  p re se n te d  in  F ig u r e  
7 -9 .  T h e  ac tu a l m essag e  size  ran g es  fro m  27  to  2 6 4  o c te ts  in th e  sing le  M S C  in te g ra tio n  
scen a rio  ev en  th o u g h  th e  m ean  va lue  is a b o u t 80  o c te ts . T h e  m ain  re a so n  fo r  th e  h igh  
signalling  lo a d  in  th e  sing le  M S C  in teg ra tio n  scen ario  is th e  h ig h e r n u m b e r o f  lo n g
m e ssa g e s  (2 5 0  o c te ts  - 10%  o f  to ta l lo ad ).
7,4 DUAL-MODE MS TRACKING AND LOCATION
In  th e  in te g ra tio n  o f  th e  sa te llite /G S M  sy stem  (u sin g  o f  sing le  o r  sp lit M S C  in teg ra tio n  
sc e n a rio ) , tra c k in g  and  lo ca tio n  o f  a  d u a l-m o d e  M S  is an im p o rta n t fu n c tio n  th a t  n eed s  to
b e  d efin ed , n o  m a tte r  w h ich  in teg ra tio n  scen ario  is u sed . T o  av o id  pa ra lle l signalling
c o n n e c tio n s  to  b o th  G S M -H L R  and  S -H L R , w e  assu m e  th a t th e  d u a l-m o d e  M S s a re  only  
re g is te re d  in  th e  S -H L R . R eg is te rin g  in  an  S -H L R  d o es n o t  necessa rily  im ply  th a t  th e  
sa te llite  ta r iffs  a re  a p p lie d  to  th is  g ro u p  o f  u se rs . E v en  th o u g h  th e  lo ca tio n  ad d re ss  is s to re d  
in  an  S -H L R , a  d u a l-m o d e  M S  ro am in g  in side  th e  te rre s tria l en v iro n m en t w ill b e  c h a rg e d  
a c c o rd in g  to  th e  te rre s tr ia l ta riffs .
In te g ra tio n  o f  sa te llite  and  G S M  system s p ro v id es  fo r  ro am in g  in side  b o th  sa te llite  and  
G S M  c o v e ra g e . T h e  signalling  links fro m  S -H L R  to  b o th  S -V L R s an d  G S M -V L R s a re  
re q u ire d  to  g u a ra n te e  th e  access  in  b o th  seg m en ts . H ere , w e  c o n s id e r tw o  tra c k in g  and  
lo c a tio n  ap p ro a c h e s , (i) a  c o n v en tio n a l ap p ro a c h  and  (ii) a  se g m e n t tra c k in g  en tity  
a p p ro a c h .
7 .4 .1  C o n v e n t i o n a l  A p p r o a c h
T h e  co n v e n tio n a l ap p ro a c h  u ses  th e  m ob ile  tra c k in g  and  lo ca tio n  p ro c e d u re  u se d  in  th e  
G S M  sy stem . E v e ry  tim e  a  d u a l-m o d e  M S  ch an g es  its  re g is te re d  en v iro n m en t, e ith e r fro m  
th e  sa te llite  to  th e  te rre s tr ia l o r  v ice  v e rsa , th e  lo ca tio n  u p d a tin g  m essag e  is se n t to  an  S - 
H L R  in  w h ich  th e  e n v iro n m e n t in fo rm atio n  w ill b e  s to red . In itia lly , a  d u a l-m o d e  M S  sends 
an  R I L 3 - M M  L O C A T IO N  U P D A T IN G  R E Q U E S T  m essag e  to  a  S -V L R  w h en  it sw itch es  
fro m  th e  G S M  sy stem  to  a  sa te llite  sy stem . B e fo re  p e rfo rm in g  a  re g is tra tio n  in a  sa te llite  
sy s tem , th e  S -V L R  m ay  h av e  to  ca rry  o u t sev era l checks w ith  th e  M S  as th e  su b sc rib e r 
d a ta  ca n  b e  d iffe ren t fo r  a  d u a l-m o d e  te rm ina l in  d iffe ren t en v iro n m en ts . T h e  ch eck in g  
includes:
•  th e  a u th e n tic a tio n  c h e c k  th a t v e rifie s  M S ’ id en tity ,
•  th e  e n v iro n m e n t capab ility  c h e c k  th a t d e te rm in es w h e th e r th e  sa te llite  sy s tem  is cap ab le  
o f  s u p p o rtin g  re q u ire d  se rv ices ,
•  th e  u s e r  p ro file  ch e c k  th a t co n firm s th e  inc lusion  o f  th e  re q u ire d  se rv ices  in  th e  u se r  
p ro file , an d
•  th e  te rm in a l capab ility  ch e c k  th a t co n firm s th e  capab ility  fo r  th e  te rm ina l to  su p p o r t th e  
re q u ire d  se rv ice .
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VLR
GSM-MSC
F ig u re  7 -1 0  C o n v e n tio n a l a p p ro a c h  f o r  tra ck in g  o f  d u a l-m o d e  M S
T h e  c h e c k  p ro c e d u re s  m ay  n eed  to  in te rro g a te  th e  S -H L R  in c a se  th e  su b sc rib e r d a ta  is n o t 
s to re d  in  th e  S -V L R . A s sh o w n  in F ig u r e  7 - 1 0 ,  th e  m obile  lo ca tio n  re c o rd  in  th e  S -H L R  is 
u p d a te d  b y  th e  S -V L R . In  th e  m e a n  tim e , th e  S -H L R  req u ests  th e  o rig in a l re g is te re d  G S M - 
V L R  to  c a n c e l th e  m o b ile ’s lo ca tio n  re c o rd  and  sen d s a  co p y  o f  th e  u s e r ’s se rv ice  p ro file  to  
th e  S -V L R
T h e  s ig n a llin g  p ro ced u re  fo r  lo ca tin g  a  d u a l-m o d e  M S  is illu stra ted  in F ig u r e  7 -1 1 .  W h en  a  
G M S C  rece iv es  a  m o b ile  te rm in a te d  call, i t  u ses  th e  M S IS D N  n u m b e r to  e x tra c t the  
ro u tin g  in fo rm atio n  fro m  an  S -H L R . L o o k in g  th ro u g h  th e  d a ta  s to re d , th e  S -H L R  
d e te rm in es  w h e re  th e  ca lled  M S  is re g is te re d , e .g . in  an  S -V L R . In te rro g a tio n  b e tw e e n  S - 
H L R  a n d  S -V L R  is in v o k ed  fo r  re q u e s t o f  th e  ro am in g  n u m b er (M S R N ) o f  th e  ca lled  M S . 
T h e  M S R N  is a  te m p o ra ry  n u m b er a llo ca ted  to  an  M S  by  an S -V L R  as lo n g  as th e  M S  
s tay s  in  th e  a sso c ia ted  L A . U s in g  th e  M S R N , th e  G M S C  w ill ro u te  th e  ca ll to  th e  v is ited  S - 
M S C /S -V L R .
------------- signalling link
traffic link
F ig u re  7 -11  C o n v e n tio n a l a p p ro a c h  f o r  lo c a tin g  o f  d u a l-m o d e  M S
W ith  th e  c o n v en tio n a l a p p ro a c h , no  m o d ifica tio n  is req u ired  to  an  in te g ra te d  M S C . T h e  
cu rren tly  u se d  G S M  lo ca tio n  u p d a tin g  an d  m ob ile  lo ca tin g  signalling  p ro c e d u re s  c an  b e  
a p p lied  w ith o u t ch an g e . B u t fu ll in te rw o rk in g  b e tw een  th e  sa te llite  d a ta b a se  an d  G S M  
d a ta b a se  is req u ired .
In  ad d itio n , i f  th e  e n v iro n m e n t ch an g in g  ra te  is h ig h , th e  s ig n a llin g  ex ch an g es  b e tw e e n  V L R  
(S -V L R /G S M -V L R ) and  S -H L R  w ill a lso  b e  very  h igh. B ec a u se  o f  th e  g loba l c o v e ra g e  o f  
th e  S -P C N s, i t  is m o s t likely th a t lo n g  d is tan ce  links are  u se d  b e tw e e n  an S -H L R  and
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V L R s. T h e re fo re , th e  m obility  m an ag em en t o f  d u a l-m o d e  M S s w ill im p o se  co n sid e rab le  
s ig n a llin g  lo ad  on  th e  in te rn a tio n a l links.
7 .4 .2  S T E  A v v r o a c h
In  o rd e r  to  re d u c e  th e  signalling  lo ad  b e tw e e n  G S M -V L R /S -V L R  an d  S -H L R , w e  d e fin e  a 
se g m e n t tra c k in g  en tity  (S T E ) in  th e  in te g ra te d  M S C  o r  S M S C . T h e  s ignalling  p ro c e d u re s  
fo r  a  d u a l-m o d e  M S  tra c k in g  an d  lo ca tio n  w ill b e  d esc rib ed  in  th is  sec tio n .
7 .4 .2 .1  M S  L o c a t io n  U p d a tin g
W h e n  a  d u a l-m o d e  M S  sw itch es  fro m  a  te rre s tria l to  a  sa te llite  en v iro n m en t, lo ca tio n  
u p d a tin g  signalling  is sen t to  th e  S T E . I f  th e  M S  successfu lly  reg is te rs  w ith  a  sa te llite  
sy stem , its  id en tity  an d  th e  re g is te r ’s (S -V L R ) ad d ress  a re  s to re d  in  th e  S T E . T h e  lo ca tio n  
o f  a  d u a l-m o d e  M S  s to re d  in  th e  S -H L R  is th e  S S 7  ad d ress  o f  S T E  ra th e r  th an  th e  ad d ress  
o f  an  S -V L R  o r  a  G S M -V L R . T h e  size  o f  a  S T E  is re la te d  to  th e  c o v e ra g e  a re a  o f  an 
in te g ra te d  M S C  o r  S M S C . I f  an  M S  rem ains in  th e  lo ca tio n  a re a  o f  an  in te g ra te d  M S C  o r  
S M S C , i.e ., th e  au th o rity  o f  a  S T E , th e re  is n o  lo ca tio n  u p d a tin g  m e ssa g e  se n t fro m  S -V L R  
o r  G S M -V L R  to  S -H L R . In  th is  c ase , th e  en v iro n m en ta l ch ang ing  signalling  is lo ca lized . S - 
H L R  is u p d a te d  only  if  S T E  ch an g in g  is d e te c te d . D e -re g is tra tio n  in  th e  o rig ina l G S M - 
V L R  o r  S -V L R  is p e rfo rm e d  b y  th e  S T E .
7 .4 .2 .2  M S  L o c a t io n
W h e n  th e re  is a  m o b ile  te rm in a tin g  call re q u e s t sen t to  S -H L R , a  n u m b er o f  signalling  
ex c h a n g e s  are  p e rfo rm e d  b e fo re  th e  ro u tin g  d es ig n  is done.
T h e  m o b ile  lo ca tio n  signalling  p ro c e d u re  u se d  in  th e  G S M  sy stem  h as b e e n  d esc rib ed  in  a 
p re v io u s  sec tio n  (c o n v en tio n a l a p p ro ach ). U sin g  th e  S T E  ap p ro ach , w e  w ill see  a  d iffe ren t 
s ignalling  p ro c e d u re  as sh o w n  in  F ig u re  7 -1 2 . T h e  M A P /D ’ an d  M A P /D ” p ro to c o ls  a re  
u s e d  b e tw e e n  th e  S -H L R  an d  th e  S T E , and  b e tw e e n  th e  S T E  an d  th e  V L R  resp ec tiv e ly . 
T h e  S -H L R  v iew s th e  S T E  an d  V L R  as o n e  un it. W h en  th e  S -H L R  rece iv es  a  ro u tin g  
re q u e s t m essag e  fro m  a  G M S C , it  re q u e s ts  th e  m obile  s ta tio n  ro am in g  n u m b er (M S R N ) 
fro m  th e  S T E . H o w e v e r , th e  S T E  d o es  n o t  a llo ca te  th e  M S R N ; it  d e te rm in es  th e  V L R  
ad d re ss  o f  th e  M S  c o n c e rn e d  an d  re lays th e  M S R N  re q u e s t to  th e  V L R . T h e  M S R N  is 
a llo c a te d  b y  th e  V L R  an d  is se n t b y  th e  V L R  to  th e  S -H L R  v ia  th e  S T E .
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F ig u re  7 -1 2  S T E  a p p r o a c h  f o r  lo c a tin g  o f  d u a l-m o d e  M S
A ssu m in g  th a t a  S T E  is co -lo c a te d  w ith  an  S -V L R , the  in te rn a l s ig n a llin g  lin k  b e tw e e n  S T E  
an d  S -V L R  is app lied . S in ce  th e  d is tan ces  b e tw e e n  a  S T E  and  th e  v a rio u s  G S M -V L R s a re  
lim ited  b y  th e  co v e ra g e  o f  th e  S T E , th e  local links, ra th e r  th an  th e  lo n g  d is ta n c e  links, a re  
u se d . I f  m o b iles  s tay  in side  th e  b o u n d a ry  o f  a  S T E , th e  signalling  lo a d  c a u se d  b y  m o b ile s’ 
ch an g in g  th e ir  re g is tra tio n  b e tw e e n  sa te llite  an d  te rre s tr ia l n e tw o rk s  w o u ld  n o t  h a v e  m u ch  
e ffe c t o n  th e  w h o le  n e tw o rk  b e c a u se  o f  th e  signalling  loca liza tion . I t  c an  b e  im ag in ed  th a t 
th e  re g is tra tio n  ch an g in g  ra te  is ra th e r  h ig h e r in  an  a rea  a ro u n d  th e  b o u n d a ry  o f  th e  
P L M N s. I f  a  S T E  c o v e rs  th is  k ind  o f  a rea , th e  S T E  ap p ro ach  is obv io u sly  su p e rio r  to  th e  
co n v en tio n a l ap p ro ach . E v e n  th o u g h  th e  n e tw o rk  signalling  lo ad  can  b e  re d u c e d , th e  e x tra  
d a ta b a se  in te rro g a tio n  in  th e  S T E  m ay  in crease  th e  call se t u p  tim e  fo r  te rre s tr ia l o rig in a te d  
ca lls . T h is  in flu en ce  is d e p en d en t o n  th e  p ro cess in g  cap ab ility  o f  th e  S T E .
7,5 SUMMARY
In  th is  c h a p te r  w e  h av e  p ro p o se d  n ew  ca ll se t-u p  re la ted  fu n c tio n s  an d  signalling  
p ro c e d u re s  to  c o p e  w ith  th e  fe a tu re s  specific  to  S -P C N s, w h ich  a re  b a se d  o n  th e  
m o d ifica tio n s  to  th e  G S M  fu n c tio n s  and  signalling  p ro to c o ls . W e  h av e  a lso  p ro p o se d  h o w  
call h an d lin g  fu n c tio n s  sh o u ld  b e  d is tr ib u ted  in  th e  sate llite  sy stem s fo r  tw o  p ro m isin g  
in te g ra tio n  scen ario s . In  co n c lu s io n , th e  sp lit M S C  in teg ra tio n  scen a rio  can  b e  o p tim iz e d  b y
•  D e fin in g  a  fix e d  g eo g rap h ic  L A  asso c ia ted  w ith  a  S M S C ;
•  U s in g  a  g u a ran tee  co v e rag e  a rea  m o b ility  m an a g e m e n t app roach ;
•  L o c a tin g  a  sa te llite  specific  p ag in g  F E  an d  a  d iversity  channe l a llo ca tio n  F E  in  th e  
S M S C .
T h e  sp lit M S C  in te g ra tio n  scen ario  h as  th e  fo llo w in g  ad v an tag es c o m p a re d  to  th e  sing le  
M S C  scen ario :
•  fe w e r  m o d ifica tio n s  c o n ce rn in g  th e  G S M  fu n c tio n s and  sig n a llin g  p ro to co ls ;
•  in d iv id u a l o p tim iza tio n  o f  b o th  sa te llite  and  te rre stria l segm en ts;
•  b e tte r  th ro u g h p u t an d  d e lay  p e rfo rm an ce .
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In  ad d itio n , w e  h av e  p ro p o se d  tw o  ap p ro ach es  to  deal w ith  tra c k in g  an d  lo ca tio n  o f  dual 
m o d e  M S s . D e ta iled  signalling  seq u en ces  h av e  b een  in v estig a ted . R e la te d  p ro b lem s and  
a d v a n ta g e s  h a v e  b e e n  ad d ressed .
F u tu re  w o rk , a im e d  a t a  fu lly  in te g ra te d  sa te llite  an d  G S M  sy stem , c o u ld  fo c u s  on:
1. P e rfo rm a n c e  in v es tig a tio n  o f  th e  tw o  a p p ro ach es  p ro p o se d  fo r  d u a l-m o d e  M S  tra c k in g  
an d  lo c a tio n , by  tak in g  th e  en v iro n m en ta l ch an g in g  ra te  an d  th e  S T E  s iz e  in to  acco u n t;
2 . F u n c tio n s  an d  signalling  p ro to c o ls  fo r  ca ll h an d o v e r b e tw e e n  tw o  e n v iro n m en ts , by 
ta k in g  th e  re so u rc e  m a n a g e m e n t o p tim iza tio n  an d  ch arg in g  issu es  in to  co n sid e ra tio n ;
3 . T h e  s in g le  n u m b e r p la n  fo r  an  in teg ra ted  sa te llite  an d  G S M  system .
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C h a p t e r  8  
C o n c l u s i o n  a n d  F u t u r e  W o r k
T h e  w o rld -w id e  a ccep tan ce  o f  th e  G S M  sy stem  is p a rtly  due  to  a  s ta n d a rd  signalling  
sy s tem  (C C IT T  SS  N o 7 ) and  th e  o th e r  ad v an ced  digital tran sm iss io n  tech n iq u es. 
H o w e v e r, G S M  as a  te rre s tr ia l sy stem , it is n o t financially  p rac ticab le  to  p ro v id e  g lobal 
c o v e rag e  to  su p p o rt seam less  te rm in a l an d  p e rso n a l m o b ility .
A s fa r  as th e  c o v e ra g e  g ap s le ft by  th e  te rre s tr ia l ce llu lar sy stem s a re  c o n ce rn ed , 
sa te llite  sy stem s a re  c o n s id e re d  a  p ro m isin g  so lu tio n  to  th e  p ro v is io n  o f  co m p le te  
g loba l c o v e ra g e . B y  th e  en d  o f  th is  cen tu ry , a t leas t fo u r g lobal sa te llite  sy stem s will 
p ro v id e  se rv ices  to  h a n d h e ld  an d  v eh ic le  m o u n te d  term inals. A ll o f  th e se  sy stem s a d o p t 
n o n -G E O  sa te llite  co n ste lla tio n s  due  to  th e ir  ad v an tag es in  th e  link  p o w e r  b u d g e t an d  
p ro p a g a tio n  delay . T h e  link  p o w e r  b u d g e t is a  critica l fa c to r  a ffec ting  m ob ile  and  
sa te llite  p o w e r  co n su m p tio n  w h ils t th e  p ro p a g a tio n  delay  can  h av e  s ig n ifican t e ffe c t on  
se rv ice  quality . T h e  inc lu sion  o f  sa te llite  sy stem s, especially  th e  n o n -G E O  sa te llite  
co n ste lla tio n s , in to  p e rso n a l m obile  co m m u n ica tio n  system s w ill in c rea se  th e ir  
com p lex ity . A d o p tin g  th e  G S M  signalling  a rch itec tu re  and  p ro to c o ls  in  th e  S -P C N s 
can  sim plify  th e  in te rw o rk in g  an d  in teg ra tio n  b e tw een  sate llite  an d  G S M  sy stem  a t 
b o th  n e tw o rk  an d  te rm ina l sides. H o w e v e r, th e  sa te llite  link  fea tu re s , th e  sa te llite  
d y n am ics  an d  th e  sa te llite  re so u rce  co n tro l, im p o se  a  re s tric tio n  on  th e  u se  o f  th e  G S M  
signalling  p ro to c o ls  in  S -P C N s. M o d ifica tio n s to  th e  G S M  signalling  p ro to c o ls  a re  
n ecessa ry  to  p ro v id e  a  c o m p a ra tiv e  q u a lity  o f  se rv ice  in  S -P C N s.
T h e  w o rk  p re se n te d  in  th is thesis  has fo c u se d  on  th e  design  o f  a  signalling  sy stem  fo r  
u se  in  S -P C N s, in p a rticu la r, th e  call h and ling  re la ted  signalling  an d  fu n c tio n s. A s a  
fu n d am en ta l p a r t  o f  ev a lu a tio n , th e  co v e ra g e  and  co n n ec tiv ity  p ro p e rtie s  fo r  tw o  
sa te llite  c o n ste lla tio n s , L E O 66 an d  IC O IO , w e re  exam ined . Issu es  o f  sa te llite  channel 
m o d e llin g  an d  its e ffec t o n  th e  sa te llite  link  to  p e rm it th e  ev a lu a tio n  o f  th e  signalling  
p e rfo rm a n c e  h av e  b een  d iscu ssed . A  sa te llite  n e tw o rk  a rch itec tu re  h as  b e e n  p ro p o se d  
to  h an d le  sa te llite  dynam ics an d  to  im p ro v e  sa te llite  re so u rc e  m an ag em en t. T h ei
physica l lay e r o f  sa te llite  a ir-in te rface  h as  b een  co n fig u red  w ith  th e  p o w e r  lim ita tions 
fo r  th e  te rm in a ls  in m ind. T h e  ap p lica tio n  o f  th e  G S M  signalling  p ro to c o ls  fo r  R A C H , 
P G C H  an d  D C C H  h av e  th o ro u g h ly  b een  exam ined . T o  ach ieve  th e  d es ired  se rv ice  
q ua lity  in  S -P C N s, m o d ifica tio n s to  th e  G S M  signalling  p ro to c o ls  h av e  b een  p ro p o se d . 
F inally , th e  in teg ra tio n  o f  th e  sa te llite  an d  th e  G S M  ce llu la r sy stem s has been  
d iscu ssed .
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T h e  s tu d y  o f  sa te llite  co n s te lla tio n s  has sh o w n  th a t u se rs  in th e  IC O  10 sy s tem  have 
b e tte r  v isibility  to  th e  d iversity  sa te llites  fro m  low  la titu d e  areas th an  th o se  o f  th e  
L E O 66 . T h is  co m p en sa te s  fo r  th e  lin k  p o w e r d isad v an tag e  o f  th e  IC O  10.
T o  p ro v id e  m obiles w ith  th e  flexibility  to  access b o th  th e  sa te llite  and  th e  G S M  
sy stem s, th e  u se  o f  a  fu ll se t o f  G S M  signalling  p ro to c o ls , n e tw o rk  a rc h ite c tu re  and  
fu n c tio n a lity  is d esired . H o w e v e r, th e  sa te llite  co v e rag e , th e  link  fe a tu re s , an d  th e  
d y n am ics  o f  th e  n o n -G E O  sa te llite s  resu lts  in  th a t the  d esign  o f  th e  S -P C N s req u ir in g
•  A  d is tr ib u te d  sa te llite  n e tw o rk  a rch itec tu re ,
•  M o d ifica tio n s  to  G S M  p h y sica l lay e r co n fig u ra tio n , and,
•  T h re e  m od ified  signalling  p ro to c o ls  c o rre sp o n d in g  to  th e  ran d o m  access  (R A C H ), 
p a g in g  (P G C H ) an d  ca ll se t-u p  s ig n a llin g  tran sac tio n s (D C C H ).
T h e  d is tr ib u te d  sa te llite  n e tw o rk  a rch itec tu re  has been  fo u n d  to  m e e t th e  req u irem en ts  
o f  b o th  sa te llite  dynam ics an d  sa te llite  re so u rc e  c o n tro l sa tisfac to rily . T h e  d istrib u tio n  
o f  th e  re so u rc e  co n tro l is b a se d  on  th e  id ea  o f  th e  loca lisa tion  o f  th e  sa te llite  re so u rc e  
m a n ag em en t tak in g  in to  a c c o u n t th e  sa te llite  m ovem en t. A s th e  sa te llite  visibility tim e 
is lim ited , th e  fix ed  a llo ca tio n  o f  a  su b se t o f  channels  to  all e a r th  s ta tio n s  (E S ) is n o t 
rea lis tic . T h e  n u m b er o f  e a rth  s ta tio n  co n tro lle rs  (E S C ) w hich  a re  re sp o n sib le  fo r  b o th  
th e  d e d ic a te d  an d  th e  co m m o n  re so u rc e  m an ag em en t n eeds to  b e  o p tim ised  in o rd e r  to  
g u a ra n te e  g lobal co v e ra g e  w ith  m in im um  sw itch ing  tim es b e tw een  E S C s  in an  o rb it 
p e rio d . D u e  to  g lobal accessib ility  an d  th e  lim ited  n u m b er o f  E S C s , th e  ca ll ro u tin g  
n o d e s , k n o w n  as E S s  a re  re q u ire d  to  sh o rten  th e  te rres tria l ta ils. T h e  call se t-u p  
p ro c e d u re  in S -P C N s is b o u n d  to  b e  m o re  co m p lica ted  th an  th a t o f  th e  G S M  b ecau se  
o f  th e  in v o lv em en t o f  th e  seco n d  E S . C o n seq u en tly , the  call se t-u p  delay  in S -P C N s is 
lo n g e r  th an  th a t o f  th e  G S M .
O u r s tu d y  sh o w s th a t  th e  physica l lay er o f  th e  G S M ’s rad io  link  is n o t  a p p ro p ria te  fo r 
S -P C N s d u e  to  th e  lim ited  link  p o w e r  an d  ex cessiv e  p ro p a g a tio n  delay  o f  th e  la tte r. 
In s te a d , a t th e  physica l lay e r o f  th e  S -P C N s’ a ir-in te rface , th e  G S M  log ica l channel 
c o n c e p t is a d o p te d , an d  th e  G S M ’s T D M A  channel and  fram e s tru c tu re  as w ell as th e  
tran sm iss io n  cycles o f  v a rio u s signalling  channels  are  m od ified  and  ta ilo re d  fo r  th e  S- 
P C N s.
W e  h av e  p ro p o se d  th ree  signalling  p ro to c o ls  fo r  th e  sate llite  R A C H , P G C H  and  
D C C H  in  o rd e r  to  red u c e  th e  delay  o f  th e  ra n d o m  access p ack e ts , th e  p ag in g  p ack e ts , 
an d  th e  D C C H  s ig n a llin g  tran sac tio n s , w h ich  lead s  to  th e  red u c tio n  in  ca ll se t-u p  d e lay .
1. T h e  p rio rity  b ased  fa s t access sch em e  (P B F A ) fo r th e  R A C H : T h is a p p ro a c h , b a sed  
on  th e  G C T  and  th e  tim e  c a p tu re  e ffec t co n c e p t, can  p ro v id e  sa tis fac to ry  R A C H  
p e rfo rm an ce  in te rm s o f  lo w  access  delay  and  low  loss ra te  w ith  fairly  lo w  channel 
a llo ca tio n s. T h is is in c o n tra s t to  th e  S lo tte d -A L O H A  p ro to c o l u se d  in  th e  G S M -
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R A C H  th a t h as  u n a c c e p tab le  lo ss  ra te  and  p o o r  access delay  p e rfo rm a n c e  w h en  i t  is 
a d o p te d  in  S -P C N s.
2. T h e  sa te llite  d iversity  b a se d  p ag in g  sch em e fo r  th e  P G C H : In  th is a p p ro ach , th e  
sa te llite  d iv e rs ity  fe a tu re  is e x p lo ited  by  u se rs  rece iv in g  th e  P G C H  o f  th e  b e s t visible 
sa te llite  fro m  w hich  th e  L O S  signal is availab le. A dd itionally , th e  tw o -s te p  p ag in g  
sch em e  is p a rtic u la r  e ffic ien t in re d u c in g  th e  P G C H  lo ad  if  th e  accu racy  o f  th e  
p re d ic te d  p ag in g  a re a  is h ig h  in  th e  firs t p ag in g  step . W ith  sa te llite  d ivers ity  p ag in g  
sch em e  w h ich  is a  u se r  a ss is ted  tw o -s tep  p ag in g  ap p ro ach , b o th  th e  P G C H  lo a d  and  
delay  can  b e  re d u c e d  fo r  th e  IC O IO  system . F o r  th e  L E O 66 sa te llite  co n ste lla tio n , 
th e  sa te llite  d iversity  is n o t availab le  a t th e  lo w  la titu d e  a rea s , h en ce  th e  u se r  
a ss is ted  p ag in g  m e th o d  is n o t app licab le . H o w e v e r  th e  re d u c e d  c o v e ra g e  o v erlap  in 
th e  lo w  la titu d e  a reas  and  th e  sh o r t p ro p a g a tio n  delay  fo r  th e  L E O 66 sa te llite  
co n ste lla tio n  can , to  so m e  ex te n t, c o m p e n sa te  th e  d e te r io ra ted  P G C H  p e rfo rm an ce  
c a u se d  b y  th e  sh ad o w in g .
3. T h e  m o d ified  G o -B a c k -N  (M -G B N ) and  th e  m od ified  S e lec tiv e  R e -tran sm iss io n  
(M -S R T ) p ro to c o ls  fo r  th e  D C C H : T h e  s im u la tion  resu lts  sh o w  th a t th e  G S M  
S to p -A n d -W a it (S A W ) p ro to c o l c a n n o t p ro v id e  sa tisfac to ry  call se t-u p  delay  
(a ro u n d  1 m in u te  in  c ity  en v iro n m en t) in  th e  S -P C N s d u e  to  th e  lo n g  p ro p a g a tio n  
delay  an d  th e  link  p o w e r  lim ita tion . T h e  new ly  p ro p o se d  M -G B N  an d  M -S R T  
p ro to c o ls  can  h o w e v e r p ro v id e  sa tis fac to ry  call se t-u p  delay . C o m p arin g  th e  M - 
G B N  an d  M -S R T  sch em es, w e  h a v e  fo u n d  th a t th e  M -S R T  o u tp e rfo rm s  th e  M - 
G B N  w h en  th e  ch an n el co n d itio n  is b a d  an d  th e  sa te llite  p ro p a g a tio n  delay  is long . 
In  ad d itio n , th e  M -S R T  p ro to c o l h as  a  s tab le  an d  lo w e r cap ac ity  re q u ire m e n t as 
c o m p a re d  to  th e  M -G B N . B o th  p ro to c o ls  req u ire  la rg e r w in d o w -size  c o m p a re d  to  
th e  G S M  S A W  p ro to c o l (W S = 1 ). H o w e v e r, co m p ared  w ith  th e  M -G B N  p ro to c o l, 
th e  M -S R T  req u ires  m o re  m o d ifica tio n s to  th e  L A P D m  p ro to c o l, su ch  as th e  
m u ltip le  tim er an d  th e  co n tro l fie ld  in  th e  fram e  h ead er. H en ce  th is  is a  tra d e -o ff  
b e tw e e n  p e rfo rm a n c e  and  p ro to co l m o d ifica tio n .
T h e  ca ll se t-u p  re la te d  c o n tro l fu n c tio n  an d  th e  asso c ia ted  signalling  p ro to c o ls  w hich  
are  a ffec ted  by th e  sa te llite  re so u rc e  c o n tro l an d  th e  m obility  m a n a g e m e n t ap p ro ach  
h av e  b een  in v es tig a ted  fo r  tw o  in teg ra tio n  scen ario s , th e  sp lit M S C  an d  th e  single 
M S C  sch em es. W e  h av e  ex am in ed  th e  n ecessa ry  m od ifica tions to  th e  G S M  fu n c tio n s 
an d  signalling  p ro to c o ls  im p o se d  b y  th e  call co n tro l req u irem en ts  in  th e  S -P C N s. N e w  
fu n c tio n s  an d  a sso c ia ted  signalling  p ro to c o ls  w h ich  a re  specific  to  S -P C N s h av e  been  
d e fin ed . In  co n c lu s io n , th e  sp lit M S C  in teg ra tio n  scenario  can  b e  o p tim ise d  b y
® D e fin in g  a  fix ed  g eo g rap h ic  L A  asso c ia ted  w ith  a  S M S C ;
® U s in g  th e  g u a ran teed  c o v e rag e  a rea  (G C A ) m o b ility  m an ag em en t ap p ro ach ;
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•  L o c a tin g  a  sa te llite  specific  p ag in g  and  d iversity  channel a ss ig n m en t fu n c tio n  
en titie s  in  a S M S C .
T h e  co m p ariso n s  b e tw e e n  th e  tw o  scen ario s  sh o w  th a t th e  sp lit M S C  in teg ra tio n  
scen a rio  is su p e r io r  to  th e  sing le  M S C  b e c a u se  a) less m o d ifica tions to  th e  G S M  call 
c o n tro l fu n c tio n s an d  asso c ia ted  signalling  p ro to c o ls  are  req u ired ; b ) th e  sa te llite  and  
te rre s tr ia l seg m en ts  can  b e  o p tim ised  sep a ra te ly , an d  c) it has b e tte r  s ignalling  lo ad  and  
de lay  pe rfo rm an ce .
T h e  s ignalling  sy s tem  is th e  c o re  o f  any  co m m u n ica tio n  system . T h e  call se t-u p  re la te d  
signalling  re se a rc h  p re se n te d  in th is  thesis  is fa r  fro m  co m p le te . F u tu re  w o rk  is 
en v isa g e d  in  the  fo llo w in g  areas:
1. P e rfo rm a n c e  ev a lu a tio n  o f  m obility  m an ag em en t signalling  p ro c e d u re s  fo r  d u a l­
m o d e  M S s. T w o  a p p ro ach es  d ealing  w ith  th e  track in g  and  lo ca tin g  o f  d u a l-m o d e  
M S s w e re  p ro p o se d . T h e  co rre sp o n d in g  signalling  seq u en ces  h av e  been  
in v estig a ted . I t  w ill b e  w o rth w h ile  to  p e rfo rm  a  co m p ara tiv e  s tu d y  o f  th e  tw o  
ap p ro a c h e s  tak in g  in to  a c c o u n t th e  ch an g in g  en v iro n m en t ra te s  an d  th e  size  o f  the  
seg m e n t track in g  en tities.
2. C all h a n d o v e r  re la ted  signalling  in th e  in te g ra te d  sa te llite  an d  G S M  system s. T h e  
issu es  o f  re so u rc e  m an ag em en t o p tim isa tio n  an d  se rv ice  ch a rg in g  a re  tw o  im p o rtan t 
fa c to rs  as fa r as th e  call h a n d o v e r b e tw een  th e  te rrestria l an d  th e  sa te llite  seg m en ts  
is co n ce rn ed . T h e  channel rea llo ca tio n  req u ires  th e  call re -e s tab lish m en t an d  th e  call 
re -ro u tin g . T o  th is en d , s tudy  o f  new  functionality  an d  a sso c ia te d  signalling  
p ro ced u res , as w ell as the  co m p lex ity  e s tim a tio n , sh o u ld  b e  c a rr ie d  o u t in  th e  fu tu re .
3. M o b ile -to -M o b ile  call se t-u p  signalling  p e rfo rm an ce  ev a lu a tio n . T h e  s tu d y  and  
p e rfo rm a n c e  ev a lu a tio n  fo r  m obile  o rig in a ted  and  te rm in a ted  ca ll se t-u p  signalling  
p ro c e d u re s  w ere  th e  m ain  g o a l o f  th is  re sea rch . A n a rea  co n ce rn in g  th e  call se t-u p  
signalling  rem ain ing  u n c o v e re d  in th is s tu d y  is th e  m o b ile -to -m o b ile  call se t-u p  
p ro c e d u re . I f  b o th  th e  en d  u se rs  a re  in a  S -P C N , th e  call can  b e  e stab lish ed  e ith e r 
th ro u g h  th e  sp ace  links (L E O 66) o r  th e  g ro u n d  links (IC O IO ) d ep en d in g  o n  th e  
availab ility . V a rio u s  s itu a tio n s n e e d  to  c o n sid e red  w h eth er: a) o n e  sa te llite  is visible 
to  b o th  u se rs , b ) tw o  sa te llites  each  being  v isib le  to  one  u se r  a re  b o th  v isib le  to  o n e  
E S C . F o r  th e  fo rm e r case , if  o n -b o a rd  sa te llite  p ro cess in g  is p ro v id e d , th e  call can  
b e  d irec tly  c o n n e c te d  v ia  th e  sa te llite . In  th is  case , th e  o n e -h o p  lin k  can  significantly  
re d u c e  th e  call delay  an d  p ro v id e  h ig h e r quality  o f  serv ice . F o r  th e  la tte r  case , th e  
sa te llite  link  (L E 0 6 6 )  can  b e  u se d  to  co n n e c t th e  call. T h e re fo re  th e  E S C  is only  
in v o lv ed  in th e  call se t-u p  signalling  p ro c e d u re  and p e rfo rm s th e  ca ll co n tro l 
fu n c tio n  th ro u g h o u t th e  call. F o r  th e  IC O IO  w h ere  the  in te r-sa te llite  link  is n o t 
availab le , th e  E S C  has to  a c t as th e  ca ll ro u tin g  p o in t and  th e  call se t-u p  signalling  
p o in t. F u rth e r  w o rk  o n  the  m o b ile -to -m o b ile -ca ll se t-u p  signalling  p ro c e d u re  an d  
th e  p e rfo rm a n c e  ev a lu a tio n  sh o u ld  b e  c a rr ie d  out.
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4 . A  u n ified  n u m b erin g  p lan . T h e  n u m b erin g  p lan s a re  im p o rtan t in  in te g ra te d  g lobal 
sy stem . F u r th e r  w o rk  in th is a re a  sh o u ld  fo cu s on  th e  d esig n  o f  a  n u m b erin g  p lan  
w h ich  is co m p a tib le  w ith  th e  cu rre n t n u m b erin g  system s u sed  in  d iffe re n t ne tw o rk s.
5. C o d in g  schem es fo r  S -P C N s. T h e  fad in g  s ta tis tics  fro m  th e  p ro p a g a tio n  
ex p erim en ts  can  b e  in c o rp o ra te d  in to  th e  channel s im ula tion  m odel. F u r th e r  w o rk  
re q u ire d  is to  se lec t a p p ro p ria te  F E C  an d  A R Q  co d in g  sch em e a cco rd in g  to  th e  
ch an n e l ch a rac teris tic s  fo r  the  s ig n a llin g  channel.
Appendices
A P P E N D I C E S
A p p e n d i x  A  C a l l  S e t - u p  S i g n a l l i n g  a t  S a t e l l i t e  A i r -  
i n t e r f a c e
A1 Immediate Assignment (AGCH)
T his  m essag e  [G S M  0 4 .0 8 /9 .1 .1 7 ] is sen t on  th e  A G C H  by an  E S C  to  an  M S  fro m  
w hich  a  R A  p a c k e t is successfu lly  rece iv ed  fo r  ch ang ing  th e  channel c o n fig u ra tio n  
(id le ) to  a  d ed ica ted  co n fig u ra tio n  b y  a ss ig n in g  a  D C C H .
In fo rm a tio n  fo rm a t T y p e G S M  c o d e  len g th  (oc te ts) S -P C N  c o d e  len g th
P ro to c o l D isc rim in a to r/ 
T ra n sa c tio n  Id en tifie r/ 
M e ssa g e  T y p e
M F 2 2
P a g e  m o d e M F 1/2 1/2
C h an n e l desc rip tio n M F 3 3*
R e q u e s t R e fe ren ce M F 1 1
M o b ile  a lloca tion M V 1-9 0*
S ta rtin g  tim e O F 3 0
T o ta l 19 7
C h a n n e l  d e s c r ip t i o n  In  S -P C N , R F  h o p p in g  channel is n o t u se d  [R E 9 5 ], th e re fo re  
M A IO  (M o b ile  A llo ca tio n  In d ex  O ffse t) fie ld  (4 b its) and  H S N  (H o p p in g  S eq u en ce  
N u m b e r)  f ie ld  (7b its) a re  n o t u sed . T h e  c h a n n e l  d e s c r ip t io n  e lem en t is c o d e d  as sh o w n  
in F ig u r e  A - L
8 7 6 5 4  3 2 1
O c te t 1 
O c te t 2  
O c te t 3
M o b i l e  a l l o c a t i o n  T h is  in fo rm atio n  e lem en t is u sed  to  ind ica te  th a t  p a r t  o f  R F  
ch an n e ls  b e lo n g in g  to  th e  cell a llo ca tio n  w h ich  is u se d  in th e  freq u en cy  h o p p in g  
seq u en ce . In  S -P C N , n o  freq u en cy  h o p p in g  is u sed , th e re fo re  th is  f ie ld  is em p ty .
S ta r t i n g  t i m e  T h e  p u rp o se  o f  th is in fo rm atio n  e lem en t is to  p ro v id e  th e  s ta r t  T D M A  
fra m e  n u m b e r w h en  u sin g  freq u en cy  ho p p in g . In  the  S -P C N s, freq u en cy  h o p p in g  is n o t 
em p lo y ed , th e  s ta rtin g  tim e  in fo rm a tio n  e le m e n t is em pty .
T im e -s lo t N u m b e r (T N ) T D M A  o ffse t
S p a re T ra in in g  S eq u en ce  C o d e
A R F C N
F ig u re  A - l  C h a n n e l d e sc r ip tio n
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A 2  A u t h e n t i c a t i o n  R e q u e s t
G S M  0 4 .0 8 /9 .2 .2 , E S C -> M S
In fo rm a tio n  fo rm a t T y p e G S M  co d e  len g th S -P C N  c o d e  len g th
P ro to c o l D isc rim in a to r/ 
T ran sac tio n  Id en tif ie r/ 
M e ssa g e  T y p e
M F 2 2
C ip h e rin g  k ey  seq u en ce  num . M F 1/2 1/2
A u th e n tic a tio n  p a ram e te r  R A N D M F 16 16
T o ta l 19 19
A3 Authentication Response
G S M  0 4 .0 8 /9 .2 .3 , M S -> E S C
In fo rm a tio n  fo rm a t T ype G S M  co d e  len g th S -P C N  c o d e  len g th
P ro to c o l D isc rim in a to r/ 
T ran sac tio n  Id en tif ie r/ 
M e ssa g e  T y p e
M F 2 2
A u th e n tic a tio n  p a ra m e te r  S R E S M F 4 4
T o ta l 6 6
A4 CM Service Request
T h is  m e ssa g e  [G S M  0 4 .0 8 /9 .2 .7 ] is  sen t by  th e  M S  to  th e  E S C  to  re q u e s t a  se rv ice  fo r 
th e  c o n n ec tio n  m an ag em en t su b -lay e r en tities, e .g . c ircu it sw itch ed  c o n n ec tio n  
e s tab lish m en t, su p p lem en ta ry  se rv ice  ac tiva tion , sh o rt m essag e  transfer.
In fo rm a tio n  fo rm a t T y p e G S M  c o d e  len g th S -P C N  c o d e  len g th
P ro to co l D isc r im in a to r / 
T ra n sa c tio n  Id en tif ie r / 
M e ssa g e  T y p e
M F 2 2
C M  se rv ice  type M F 1/2 1/2
C ip h e rin g  key  seq u en ce  n u m b er M F 1/2 0*
M o b ile  s ta tio n  c la ssm ark  2 M V 1-4 1-4
M o b ile  iden tity M V 1-9 1-9
C a lled  p a rty  B C D  n u m b er* o v 2-13
S ate llite  d iversity* o v 4 - 8
E S  p re fe ren ce* O F 2
M S  lo ca tio n * O F 5
T o ta l 17 5 - 4 4
C ip h e r i n g  k e y  s e q u e n c e  n u m b e r  F o r  th e  call se t-u p  p ro cess , th is in fo rm atio n  e lem en t 
is a lread y  in c lu d e d  in  th e  A U T H E N T IC A T IO N  R E Q U E S T  m essag e . I t  c an  b e  o m itted  
fro m  C M  S E R V IC E  R E Q U E S T  m essag e .
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S a t e l l i t e  d i v e r s i t y * T his in fo rm atio n  e lem en t co n v ey s ID s o f  tw o  d iv e rs ity  sa te llites 
an d  fo u r  S B s  in  c a se  th a t th e  p rac tica l channel availability  is d iffe ren t fro m  th e  
p re d ic tio n  o f  n e tw o rk  d u e  to  sa te llite  fa d in g  ch an n e l effec t. S a te llite s  a re  c o d e d  u s in g  7 
b its , m a x im u m  128 sa te llite s  is a llo w ed  in  a  sa te llite  con ste lla tio n . S B s a re  c o d ed  u sing  
8 b its  an d  a  sa te llite  c an  h av e  25 6  S B s. T h e  ID s o f  v is ib le  S B s a re  r e p o r te d  if  a  M S  has 
no  capab ility  to  m e a su re  th e ir  lo ca tio n s . T h e  sa te llite  d iversity  in fo rm a tio n  e lem en t is 
c o d e d  as sh o w n  in  F ig u r e  A - 2 .
O c te t 1 
O c te t 2 
O c te t 3 
O c te t 4  
O c te t 5 
O c te t 6 
O c te t 7 
O c te t 8
M S  l o c a t i o n *  T h is  in fo rm atio n  e lem en t inc ludes th e  M S  lo ca tio n  p a ra m e te r  (la titu d e , 
lo n g itu d e ) m e a su re d  by  M S . I t is c o d e d  as sh o w n  in  F ig u r e  A - 3 .
O c te t  1 
O c te t 2
O c te t 3 
O c te t 4
O c te t 5
E S  p r e f e r e n c e *  T h is  in fo rm atio n  e lem en t g ives th e  E S ’ ID  se lec ted  by  th e  M S . I t  is 
c o d e d  as sh o w n  in  F ig u r e  A -4 .
O c te t 1 
O c te t 2
Figure A-4 ES preference information element
8 7 6 5
_0 E S  p re fe re n c e  IE I
E S  ID  "  ~
8 7 6 5 4  3 2 1
0 M S  lo c a tio n  IE I
latitude
sign
S p a re la titu d e  d ig it 1
la titu d e  d ig it 2 la titu d e  d ig it 3
long .
sign
S p a re lo n g itu d e  d ig it 1
longituc e d ig it 2 lo n g itu d e  d ig it 3
F ig u re  A -3  M S  lo c a tio n  in fo rm a tio n  e lem en t
L a titu d e  is e x p re sse d  X X .X  an d  lo n g itu d e  is e x p re sse d  as X X X .
8 7 6 5 i
0 S a te llite  d iv e rs ity  IE I
SB  4
L e n g th  o f  sa te llite  d iv e rs ity  co n ten ts
B e s t v is ib le  sa te llite__________________
S eco n d  v is ib le  sa te llite_______________
SB  1_________________________________
SB  2_________________________________
SB  3
F ig u re  A -2  S a te lli te  d iv e r s ity  in fo rm a tio n  e le m e n t
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A 5  C M  S e r v i c e  A c c e p t
G S M  0 4 .0 8 /9 .2 .5 , E S C -> M S
In fo rm a tio n  fo rm a t T y p e G S M  c o d e  len g th S -P C N  c o d e  len g th
P ro to c o l D isc rim in a to r/ 
T ra n sa c tio n  Id en tifie r/ 
M e ssa g e  T y p e
M F 2 2
T o ta l 2 2
A6 Cipher Mode Command
G S M  0 4 .0 8 /9 .1 .9 , E S —>MS
In fo rm a tio n  fo rm a t T ype G S M  co d e  len g th S -P C N  c o d e  len g th
P ro to c o l D isc r im in a to r / 
T ran sac tio n  Id en tif ie r / 
M e ssa g e  T y p e
M F 2 2
C ip h e r m o d e  se ttin g M F 1/2 1/2
T o ta l 3 3
A7 Cipher Mode Complete
G S M  0 4 .0 8 /9 .1 .1 0 , M S -> E S
In fo rm a tio n  fo rm a t T ype G S M  c o d e  leng th S -P C N  c o d e  len g th
P ro to c o l D isc rim in a to r/ 
T ra n sa c tio n  Id en tif ie r / 
M e ssa g e  T y p e
M F 2 2
T o ta l 2 2
A8 Additional Assignment
T h is  m e ssa g e  [G S M  0 4 .0 8 /9 .1 .1 ]  is sen t on  th e  m ain  D C C H  by th e  B S C  to  th e  M S  to  
a llo ca te  an  ad d itio n a l d ed ic a te d  channel w h ile  k eep in g  th e  p rev io u s ly  a lloca tion  
ch an n e ls . In  S -P C N , th is  m e ssa g e  is sen t b y  E S C  to  a llo ca te  an o th e r D C C H  to  b o th  E S  
an d  M S  fo r  p e rfo rm in g  ca ll se t-u p  tran sac tio n s.
In fo rm a tio n  fo rm a t T y p e G S M  c o d e  len g th S -P C N  c o d e  len g th
P ro to co l D isc r im in a to r / 
T ra n sa c tio n  Id en tifie r/ 
M e ssa g e  T y p e
M F 2 2
C h an n e l d escrip tio n M F 3 3
M o b ile  a llo ca tio n O V 2 -1 0 0*
S ta rtin g  tim e O F 3 0*
T o ta l 18 5
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A 9  S e t - u p .  M o b i le  O r i g i n a t e d  C a l l
G S M  0 4 .0 8 /9 .3 .1 6 , M S -> E S
In fo rm a tio n  fo rm a t T ype G S M  c o d e  len g th S -P C N  c o d e  len g th
P ro to c o l D isc r im in a to r / 
T ra n sa c tio n  Id en tif ie r / 
M e ssa g e  T y p e
M F 2 2
R e p e a t in d ic a to r O F 1 1
B e a re r  capab ilities O V 3-11 3-11
M o b ile  iden tity O V 2-1 0 2 -1 0
Facility O V 2-? 2-?
C a llin g  p a rty  B C D  n u m b er O V 2 -1 4 2 -1 4
C a llin g  p a rty  su b -ad d ress O V 2-23 2-23
C a lled  p a rty  B C D  n u m b er O V 2-13 2-13
C a lle d  p a rty  su b -ad d ress O V 2-23 2-23
R e p e a t in d ic a to r O F 1 1
L o w  lay er com p a tib ility O V 3-15 3-15
R e p e a t in d ica to r O F 1 1
H ig h  lay e r co m p atib ility O V 4 -5 4-5
U se r-U se r O V 2-3 5 2-35
T o ta l 2 -1 6 2 2 - 1 6 2
A10 Set-up, Mobile Terminated call
G S M  0 4 .0 8 /9 .3 .1 6 , E S -» M S _____________
In fo rm a tio n  fo rm a t T ype G S M  c o d e  len g th S -P C N  c o d e  len g th
P ro to c o l D isc rim in a to r/ 
T ran sac tio n  Id en tif ie r/ 
M e ssa g e  T y p e
M F 2 2
R e p e a t in d ica to r O F 1 1
B e a re r  cap ab ilities O V 3-11 0*
F acility O V 2-? 2-?
P ro g re ss  in d ic a to r O V 4 4
Signal O F 2 2
C a llin g  party  B C D  n u m b er O V 2 -1 4 2 -1 4
C a llin g  p a rty  su b -ad d ress O V 2-23 2-23
C a lled  p a rty  B C D  n u m b er O V 2-13 2-13
C a lled  p a rty  su b -ad d ress O V 2-23 2-23
R e p e a t in d ic a to r O F 1 1
L o w  lay e r co m p atib ility O V 3-15 3-15
R e p e a t in d ic a to r O F 1 1
H ig h  lay e r com patib ility O V 4-5 4-5
U se r-U se r O V 2-35 2 -3 5
T o ta l 152 2 -1 4 1
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B e a r e r  c a p a b i l i t i e s  [G S M  0 9 .0 7 ] A ssum ing  o n e  d irec to ry  n u m b er is a llo ca ted  to  all 
th e  se rv ices  in  M S , the  b ea re r  cap ab ility  in fo rm a tio n  e lem en t can  be  o m itted .
A11 Call processing
G S M  0 4 .0 8 /9 .3 .3 , E S -> M S
In fo rm a tio n  fo rm a t T y p e G S M  co d e  len g th S -P C N  c o d e  len g th
P ro to c o l D isc rim in a to r/ 
T ra n sa c tio n  Id en tif ie r / 
M e ssa g e  T y p e
M F 2 2
P ro g re ss  in d ic a to r O V 4 4
T o ta l 6 6
A12 Assignment Command
T his  m essag e  [G S M  0 4 .0 8 /9 .1 .2 ]  is sen t on  th e  m ain  D C C H  by  th e  E S C  to  th e  M S  to  
c h an g e  th e  channel c o n fig u ra tio n  to  a n o th e r  in d ep en d en t d ed ic a te d  channel 
co n fig u ra tio n  (e .g ., speech  ch an n e l), no tim in g  ad ju s tm en t needed .
In fo rm a tio n  fo rm a t T ype G S M  co d e  len g th S -P C N  c o d e  len g th
P ro to c o l D isc rim in a to r/ 
T ra n sa c tio n  Id en tif ie r/ 
M e ssa g e  T y p e
M F 2 2
C h an n e l d escrip tio n M F 3 3 *
P o w e r  c o m m a n d M F 1 1
C ell ch an n e l d escrip tion O F 17 25*
C h an n e l m o d e O F 2 2
C h an n e l desc rip tio n O F 4 4*
C h an n e l m o d e  2 O F 2 2
M o b ile  a llo ca tio n O V 2 -1 0 0*
S ta rtin g  tim e O F 3 0
T o ta l 4 4 39
C e l l  c h a n n e l  d e s c r ip t i o n  T h e  ab so lu te  R F  channel n um bers (A R F C N ), w h ich  are  
b e lo n g  to  th e  cell a llo ca tio n , a re  c o n v ey ed  u sin g  th is  in fo rm ation  e lem en t. A ssum ing  
m ax im u m  2 0 0  channels are  a llo ca ted  to  o n e  sp o t b eam  c o v e rag e . A  ch an n e l is 
re p re se n te d  b y  1 b its , T h is  e le m e n t is 25  oc te ts  long .
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A13 Alerting
G S M  0 4 .0 8 /9 .3 .1
E S —>MS fo r  m o b ile  o rig in a ted  call
In fo rm a tio n  fo rm a t T ype G S M  co d e  len g th S -P C N  c o d e  len g th
P ro to co l D isc rim in a to r/ 
T ra n sa c tio n  Id en tifie r/ 
M e ssa g e  T y p e
M F 2 2
Facility O V 2-? 0*
P ro g re ss  in d ic a to r O V 4 4
U se r-u se r O V 2 -3 5 2-35
T o ta l 43 2 -4 1
F a c i l i t y  T h is  in fo rm atio n  e lem en t is u se d  fo r  fu nc tiona l o p e ra tio n  o f  su p p lem en ta ry  
se rv ice . T h e  facility  m essag e  can  b e  u se d  fo r  th is  p u rp o se  in  all s ta te s  a fte r  th e  S E T U P  
m e ssa g e  h as  b een  sen t. S in ce  S E T U P  m essag e  (M S —»ES) a lready  in c ludes th e  facility 
e lem en t, th e  facility  e lem en t in A L E R T IN G  m essag e  (E S -» M S ) is u se d  to  in d ica te  th e  
re tu rn  resu lt: R e tu rn  e rro r  o r R e je c t c o m p o n e n t m essag e  type.
M S —>ES fo r m o b ile  te rm in a ted  call
In fo rm a tio n  fo rm a t T y p e G S M  co d e  len g th S -P C N  c o d e  le n g th
P ro to c o l D isc r im in a to r / 
T ra n sa c tio n  Id en tifie r/ 
M e ssa g e  T y p e
M F 2 2
Facility O V 2-? 0
U se r-u se r O V 2 -35 2-35
T o ta l 39 2 - 3 7
A14 Connect
G S M  0 4 .0 8 /9 .3 .5
E S —>MS fo r m o b ile  o rig in a ted  call
In fo rm a tio n  fo rm a t T ype G S M  c o d e  len g th S -P C N  c o d e  len g th
P ro to co l D isc r im in a to r / 
T ra n sa c tio n  Id en tif ie r / 
M e ssa g e  T y p e
M F 2 2
F acility O V 2-? 0*
P ro g re ss  in d ic a to r O V 4 4
U se r-u se r O V 2-35 2-35
T o ta l 43 2 -4 1
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MS—>ES for mobile terminated call
In fo rm a tio n  fo rm a t T y p e G S M  c o d e  len g th S -P C N  c o d e  len g th
P ro to c o l D isc r im in a to r / 
T ra n sa c tio n  Id en tifie r/ 
M e ssa g e  T y p e
M F 2 2
F acility O V 2-1 0*
U se r-u se r O V 2 -35 2-35
T o ta l 39 2 - 3 7
A15 Connect Acknowledge
M S —>ES fo r  m o b ile  o rig in a ted  call: T o  a llow  sy m m etrica l call co n tro l
E S —>MS fo r m o b ile  te rm in a te d  call: T o  in d ica te  th e  M S  has b een  a w a rd e d  the  call
In fo rm a tio n  fo rm a t T y p e G S M  c o d e  len g th S -P C N  c o d e  len g th
P ro to c o l D isc r im in a to r / 
T ra n sa c tio n  Id en tif ie r/ 
M e ssa g e  T y p e
M F 2 2
T o ta l 2 2
A16 Paging Request Type 1
G S M  0 4 .0 8 /9 .1 .2 1 , E S C r f M S
In fo rm a tio n  fo rm a t Typo G S M  co d e  leng th S -P C N  c o d e  len g th
P ro to co l D isc r im in a to r / 
T ran sac tio n  Id en tif ie r / 
M e ssa g e  T y p e
M F 2 2
P a g e  m o d e M F 1/2 1/2
M o b ile  iden tity M V 1-9 1-9
M o b ile  iden tity O V 2 -1 0 0*
T o ta l 22 12
In  S -P C N , each  s ig n a llin g  b u rs t can  only  in c lu d e  15 o cte ts  in fo rm atio n . T o  in c rease  th e  
p a g in g  effic iency , i f  a  p a g e d  M S  has no  o th e r  iden tity  o th e r  th an  in te rn a tio n a l m obile  
su b sc rib e r  iden tity  ( I M S I 15 d ig its), seco n d  m o b ile  iden tity  is im p o ss ib le  to  b e  in c luded  
in  th e  p a g in g  re q u e s t ty p e  1 m essag e .
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A 1 7  P a g i n g  R e q u e s t  T y p e  2
G S M  0 4 .0 8 /9 .1 .2 2 , E S C -> M S
In fo rm a tio n  fo rm a t T ype G S M  c o d e  len g th S -P C N  c o d e  len g th
P ro to c o l D isc rim in a to r/ 
T ra n sa c tio n  Id en tif ie r / 
M e ssa g e  T y p e
M F 2 2
P a g e  m o d e M F 1/2 1/2
T M S I M V 4 4
T M S I M V 4 4
M o b ile  iden tity* O V 2 -1 0 0*
T o ta l 21 11
T w o  M S s w h ich  h av e  T M S I (T em p o ra ry  M o b ile  S u b sc rib e r Id en tity )  can  be  p a g e d  
u s in g  P A G IN G  R E Q U E S T  T Y P E  2  m essag e .
A18 Paging request type 3
G S M  0 4 .0 8 /9 .1 .2 3 , E S C —>MS
In fo rm a tio n  fo rm a t T y p e G S M  c o d e  len g th S -P C N  c o d e  len g th
P ro to c o l D isc rim in a to r/ 
T ran sac tio n  Id en tif ie r/ 
M e ssa g e  T y p e
M F 2 2
P a g e  m o d e M F 1/2 1/2
T M S I M F 4 4
T M S I M F 4 4
T M S I M F 4 4
T M S I M F 4 0*
T o ta l 19 15
T h re e  M S s  can  b e  p a g e d  u sin g  a  P A G IN G  R E Q U E S T  T Y P E  3 in w h ich  m obile  
id e n tity  is re p re se n te d  b y  T M S I (4 oc te ts)
A19 Call Confirmed
G S M  0 4 .0 8 /9 .3 .2 , ,  M S -> E S C
In fo rm a tio n  fo rm a t T ype G S M  co d e  len g th S -P C N  c o d e  len g th
P ro to c o l D isc rim in a to r/ 
T ra n sa c tio n  Id en tif ie r / 
M e ssa g e  T y p e
M F 2 2
B ea r cap ab ilities O V 3-11 3-11
C au se O V 4 -3 2 4 -3 2
T o ta l 45 2 -45
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A 2 0  M S  r e l a t e d  i n f o r m a t i o n
M S —>ESC: T h is m essag e  p ro v id es  sa te llite  d iversity , m obile  lo ca tio n  an d  E S  
p re fe re n ce  in fo rm a tio n  to  th e  n e tw o rk  fo r  h an d lin g  th e  sa te llite  re so u rce  m an ag em en t.
In fo rm a tio n  fo rm a t T ype G S M  c o d e  len g th S -P C N  c o d e  len g th
P ro to c o l D isc r im in a to r / 
T ra n sa c tio n  Id en tif ie r/ 
M e ssa g e  T y p e
M F N /A 2
S a te llite  d iversity* O V 4 - 8
E S  p re fe ren ce* O F 2
M S  lo ca tio n * O F 5
T o ta l 2 -1 7
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A p p e n d i x  B  C a l l  S e t - u p  R e l a t e d  S i g n a l l i n g  i n  S - P C N s
F o r  tw o  in teg ra tio n  scen ario s , sing le  M S C  and  sp lit M S C , w e  h av e  in v es tig a ted  th e  
possib ility  o f  ad o p tin g  G S M  signalling  to  p e rfo rm  th e  call co n tro l in  th e  S -P C N s. T h e  
G S M  signalling  and  th e  co n tro l p ro c e d u re s  hav e  b een  m od ified  to  c o p e  w ith  th e  
req u irem en ts  o f  ca ll se t-u p  fu n c tio n s in  sa te llite  sy stem s. T h e  S -P C N  specific  signalling  
p ro c e d u re s  w h ich  a re  re la te d  to  th e  call se t-u p  fu n c tio n s hav e  b een  co n s id e red , w h ich  
inc lude
1. d iv e rs ity  ch an n e l a llo ca tio n  p ro ced u re ,
2. ca ll re -ro u tin g  p ro c e d u re  d u e  to  sa te llite  h a n d o v e r b e tw een  E S C s,
3. p a g in g  p ro ced u re , an d
4 . m o b ile  au th en tica tio n  p ro ced u re  fo r  m o b ile -te rm in a ted  calls.
A b o v e  signalling  p ro c e d u re s  and  a sso c ia te d  signalling  fo rm a t w h ich  h av e  b e e n  defined  
fo r  tw o  in teg ra tio n  scen ario s  a re  d iffe ren t as fa r  as tw o  in teg ra tio n  scen a rio s  are  
co n c e rn . T h e  B S S M A P , D T A P , M A P /B , M A P /E  and  M A P /G  p ro to c o ls  a re  inv o lv ed  
in th e  call se t-u p  re la te d  fu n c tio n . T h e  B S S M A P  and  D T A P  are  th e  signalling  
p ro to c o ls  a b o v e  S C C P . T h e  M A P /x  p ro to c o ls  h av e  to  u se  th e  serv ices p ro v id e d  by  th e  
T C A P  in  ad d itio n  to  th e  M T P 3  an d  S C C P .
In  a d d itio n  to  th e  p a ra m e te r  co d in g , th e  c o d in g  o v erh ead  w hich  is lis ted  as b e lo w  is 
req u ired  b y  d iffe ren t layers.
1. M T P  (L 2) 7 o c te ts  (in c lu d in g  S IO , F lag , C h eck  an d  C o rrec tio n )
2. M T P  (L 3) 4  o c te ts  (ro u tin g  lab e l)
3. S C C P  14 o c te ts  fo r  U N IT D A T A  (F ig u r e  6 - 4 , e x c lu d in g  G T )
4 . D is tr ib u tio n  d a ta  u n it
D T A P : 2 o c te ts , B S S M A P : 1 o c te t
5. T C A P
4.1 C S L  (C o m p o n en t S u b -L ay er)
10 o c te ts  fo r  IN V O K E
C o m p o n e n t ty p e  tag 1 o c te t
C o m p o n en t len g th 1 o c te t
In v o k e  ID  tag 1 o c te t
In v o k e  ID  len g th 1 o c te t 1
In v o k e  ID 1 o c te t
O p e ra tio n  C o d e  tag 1 o c te t j
O p e ra tio n  C o d e  len g th 1 o c te t
O p e ra tio n  C o d e 1 o c te t
S eq u e n c e  tag 1 o c te t
S eq u en ce  len g th 1 o c te t
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13 o c te ts  fo r  IN V O K E  w ith  lin k ed  ID
12 o c te ts  fo r  R E T U R N  R E S U L T  w ith  in fo rm a tio n  e le m e n t
5 o c te ts  fo r  R E T U R N  R E S U L T
4 .2  T S L  (T ra n sa c tio n  S u b -L ay er)
10 o c te ts  fo r  B E G IN  o r E N D
M e ssa g e  ty p e  tag 1 o c te t
T o ta l m essag e  len g th 1 o c te t
O rig in a tin g  T ra n sa c tio n  ID  tag 1 o c te t
T ran sac tio n  ID  len g th 1 o c te t
T ran sac tio n  ID 4  o c te ts
C o m p o n e n t p o rtio n  tag 1 o c te t
C o m p o n e n t p o rtio n  len g th 1 o c te t
16 o c te ts  fo r  C O N T IN U E
B1 Diversity Channel Allocation Procedure
B l . l  S i n g l e  M S C  I n t e g r a t i o n  S c e n a r i o  
A n c h o r  M S C 1  to  E S C 1 :
B l .1 .1  D T A P  d iv e r s i ty  a s s ig n m e n t  c o m m a n d
T h is  m e ssa g e  c o rre sp o n d s  to  th e  D T A P  h a n d o v e r  c o m m a n d  m e ssa g e  in  th e  G S M  
system .
Information element Type GSM code length (octets) S-PCN code length (octets)
Header M 27 27
Message type M 1 1
L3 information M 11-60* 11-60*
Cell identifier 0 10 10
Total 98 98
L 3  i n f o r m a t i o n :  sam e  as h a n d o v e r c o m m a n d  [G S M 04 .08 ]
8 7 6 5 4 3 2 1
Element identifier Octet 1
Length Octet 2
Handover command Octet 3 -60
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Bl.1.2 BSSMAP first assignment required
T h is  m e ssa g e  c o rre sp o n d s  to  th e  B S S M A P  a s s ig n m e n t  r e q u e s t  m e ssa g e  in  th e  G S M  
system .
Information elem ent Type GSM  code length S-PCN  code length
(octets) (octets)
Header M 26 26
M essage type M 1 1
Channel Type M 5 5
L3 header inform ation O 4 4
Priority 0 3 3
Circuit identity code 0 3 3
D ow nlink D TX  flag 0 2 2
Interference band to be used o 2 2
Classm ark inform ation 2 0 4-5 4-5
Total 25 51
D T X : d isco n tin u o u s  tran sm iss io n
E S C 1  to  a n c h o r  M S C 1
B l .1 .3  B S S M A P  f i r s t  a s s ig n m e n t  c o m p le te
T h is  m e ssa g e  c o rre sp o n d s  to  th e  B S S M A P  a s s ig n m e n t  c o m p le te  m essag e  in  the  
G S M  system .
Information elem ent Type GSM  code length S-PCN  code length
(octets) (octets)
H eader M 26 26
M essage type M 1 1
R R  cause O 2 2
Cell identifier 0 3-10 3-10
Chosen channel 0 2 2
Chosen encryption algorithm 0 2 0*
Circuit pool o 2 2
Total 45 43
C h o s e n  e n c r y p t io n  a lg o r i t h m :  F o r  d iversity  channel a llo ca tio n  in  S -P C N s, the  
en c ry p tio n  a lg o rith m  is d e te rm in ed  by  th e  M S C . T h e  sam e e n c ry p tio n  a lg o rith m  is 
u se d  in  tw o  a llo ca ted  channels . E S C 1  is n o t a llo w ed  to  m ak e  ch an g es. T h is 
in fo rm a tio n  e lem en t is om itted .
A n c h o r  M S C 1  to  r e l a y  M S C 2
B l .1 .4  M A P /E  s e n d  e n d  s ig n a l  r e s p o n s e  f o r  d iv e r s i ty  a s s ig n m e n t
Result G SM  code length (octets) S-PCN code length (octets)
TSL EN D 10 10
C SL R E T U R N  R ESU LT 5 5
Total 15 15
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Bl.1.5 MAP/E perform diversity assignment request
T his  m essag e  c o rre sp o n d s  to  th e  M A P /E  p e r f o r m  h a n d o v e r  r e q u e s t  m essag e  in th e  
G S M  sy stem .
TSL Begin 10 10
CSL IN V O K E with ID 13 13
Param eters GSM  code length (octets) S-PCN code length (octets)
targetCellld 5-7 5-7
servingCellld 5-7 5-7
channelType 1-10 1-10
classm arkinform ation 1-2 1-2
handover(diversity)
Priority
1 1
K 8 8
Total 58 58
R e l a y  M S C 2  to  a n c h o r  M S C 1
B  1 .1 .6  M A P /E  p e r f o r m  d iv e r s i ty  a s s ig n m e n t  r e s p o n s e
T h is  m e ssa g e  c o rre sp o n d s  to  th e  M A P /E  p e r f o r m  h a n d o v e r  r e s p o n s e  m e ssa g e  in  the  
G S M  sy s tem
TSL - CO N TIN U E 16 16
C SL - R ETU R N  
R ESU LT w ith INFO
12 12
Param eters GSM  code length (octets) S-PCN code length (octets)
H andover (diversity) 
N um ber
1-10 1-10
accesssignallnfo 1-200 1-200
protocolld for 
Extem alSignallnfo
1 1
Total 239 239
B l .1 .7  M A P /E  p ro c e s s  a c c e ss  s ig n a ll in g  f o r  d iv e r s i ty  a s s ig n m e n t
T SL - C O N TIN U E 16 16
C S L -IN V O K E  w ith ID 13 13
Param eters G SM  code length (octets) S-PCN code length (octets)
protocolld 1 1
BSS=>APDU 1-200 1-200
Total 230 230
B l .1 .8  M A P /E  s e n d  e n d  s ig n a l  r e q u e s t  f o r  d iv e r s i ty  a s s ig n m e n t
In v o k e  o p e ra tio n , n o  p a ra m e te rs
O peration G SM  code length (octets) S-PCN code length (octets)
T SL  - C O N TIN U E 16 16
C SL - IN V O K E w ith ID 13 13
Total 29 29
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S V L R 2  to  re la y  M S C 2
Bl.1.9 MAP/B send diversity assignment report
T h is  m e ssa g e  co rre sp o n d s  to  th e  B S S M A P  s e n d  h a n d o v e r  r e p o r t  r e q u e s t  m essag e  
in  th e  G S M  system .
T SL  - CO N TIN U E 16 16
C S L -IN V O K E  w ith ID 13 13
Operation GSM  code length (octets) S-PCN code length (octets)
handover (diversity) 
N um ber
1-10 1-10
Total 39 39
R e l a y  M S C 2  to  S V L R 2
B l .1 .1 0  M A P /B  d iv e r s i ty  a s s ig n m e n t  n u m b e r  r e q u e s t
T h is  m e ssa g e  co rre sp o n d s  to  th e  M A P /B  h a n d o v e r  n u m b e r  r e q u e s t  m essag e  in  the  
G S M  sy stem
T S L  - BEG IN 10 10
C S L -IN V O K E  with ID 13 13
Param eters G SM  code length (octets) S-PCN code length (octets)
LIN K ED { S en d H an d o v e rR ep o rt} {S en d D iv e rs ity  R eport}
Total 23 23
B l .1 .1 1  M A P /B  s e n d  d iv e r s i ty  a s s ig n m e n t  r e p o r t  r e s p o n s e
T h is  m e ssa g e  c o rre sp o n d s  to  th e  M A P /B  s e n d  h a n d o v e r  r e p o r t  r e s p o n s e  m essag e  in  
th e  G S M  sy stem
T S L  - EN D 10 10
CSL - RETU R N  
R ESU LT with INFO
12 12
Param eters GSM  code length (octets) S-PCN code length (octets)
handover(diversity)
Num ber
1-10 1-10
Total 32 32
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R e la y  M S C 2  to  E S C 2
B 1.1.12 BSSMAP diversity assignment request
T h is  m essag e  c o rre sp o n d s  to  th e  B S S M A P  h a n d o v e r  r e q u e s t  m essag e  in  th e  G S M  
system .
Inform ation elem ent Type GSM  code length S-PCN code length (octets)
H eader M 26 26
M essage type M 1 1
Channel Type M 5 5
Encryption information M 3-5* 3-5*
C lassm ark inform ation 1 or 
C lassm ark inform ation 2
M 2
4-5
2
4-5
Cell identifier (serving) M 10 10
Priority 0 3 3
Circuit identity code O 3 3
D ow nlink D TX  flag 0 2 2
Cell identifier (target) M 10 10
Interference band to be used o 2 2
Cause o 3-4 3-4
Classm ark inform ation 3 0 3-14 3-14
Total 90 90
E n c r y p t i o n  in f o r m a t io n ' ,  a ssu m in g  th a t key  w ill u se  2 octets
8 7 6 5 4 3 2 1
Elem ent identifier O ctet 1
Length Octet 2
Perm itted algorithm O ctet 3
key Octet 4-n
E S C 2  to  r e l a y  M S C 2
B l .1 .1 3  B S S M A P  d iv e r s i ty  a s s ig n m e n t  r e q u e s t  a c k .
T h is  m essag e  c o rre sp o n d s  to  th e  B S S M A P  h a n d o v e r  r e q u e s t  a c k . m essag e  in  th e  
G S M  sy stem
Information element Type GSM  code length S-PCN  code length (octets)
Header M 26 26
M essage type M 1 1
L3 inform ation M 11-60 11-60
Chose channel O 2 2
Chosen encryption algorithm O 2 0*
C ircuit pool o 2 2
Total 93 91
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C h o s e n  e n c r y p t io n  a lg o r i t h m :  D iv e rs ity  channe l a llocation  signalling  p ro c e d u re  in S - 
P C N s w ill u se  sam e en c ry p tio n  a lg o rith m  in  b o th  channels. T h e re  is n o  n ecessa ry  fo r 
E S C 2  se lec tin g  an  en c ry p tio n  a lgo rithm . T h is  in fo rm atio n  e lem en t is om itted .
B  1 .1 .1 4  B S S M A P  d iv e r s i ty  a s s ig n m e n t  d e te c t
T h is  sig n a llin g  m essag e  c o rre sp o n d s  to  th e  B S S M A P  h a n d o v e r  d e te c t  m essag e  in  the  
G S M  system .
Information element Type GSM  code length S-PCN code length (octets)
Header M 26 26
M essage type M 1 1
Total 27 27
B l .1 .1 5  B S S M A P  d iv e r s i ty  a s s ig n m e n t  c o m p le te
T h is  s ignalling  m essag e  c o rre sp o n d s  to  th e  B S S M A P  h a n d o v e r  c o m p le te  m essag e  in 
th e  G S M  sy stem .
Information element Type G SM  code length S-PCN code length (octets)
Header M 26 26
M essage type M 1 1
R R  cause 0 2 2
Total 29 29
B 1 .2  S v l i t  M S C  
A n c h o r  M S C 1  to  E S C 1 :
B l .2 .1  D T A P  d iv e r s i ty  a s s ig n m e n t  c o m m a n d  (98 o c te ts) 
S a m e  as B l .1 .1
B l .2 .2  B S S M A P  f i r s t  a s s ig n m e n t  r e q u i r e d  (51 o c te ts ) 
S am e  as B l .1 .2
E S C 1  to  a n c h o r  M S C 1 :
B  1 .2 .3  B S S M A P  f i r s t  a s s ig n m e n t  c o m p le te  (43  o c te ts )  
S am e  as B l .1 .3  
A n c h o r  M S C 1  to  E S C 2
B  1 .2 .4  B S S M A P  d iv e r s i ty  a s s ig n m e n t  r e q u e s t  (9 0  o c te ts)
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S a m e  as B l .1 .1 2  
E S C 2  to  a n c h o r  M S C 1
B l .2 .5  B S S M A P  d iv e r s i ty  a s s ig n m e n t  r e q u e s t  a c k . (91 o c te ts )  
S am e  as B l .1 .1 5
B 1 .2 .6  B S S M A P  d iv e r s i ty  a s s ig n m e n t  d e te c t  (1 o c te t)
S am e  as B l .1 .1 6
B  1 .2 .7  B S S M A P  d iv e r s i ty  a s s ig n m e n t  c o m p le te  (3 o c te ts )  
S am e  as B l .1 .1 7
B2 Cali Re-routinq Procedure
B 2 .1  S in g l e  M S C  I n t e g r a t i o n  S c e n a r i o  
E S C 1  to  a n c h o r  M S C 1 :
Appendices
B 2 .1 .1  B S S M A P  h a n d o v e r  r e q u i r e d
Information element Type GSM  code length (octets) S-PCN code length (octets)
H eader M 26 26
M essage type M 1 1
Cause M 3-4 3-4
Response request O 1 1
Cell identifier list* 
(preferred)
M 2i+3 to 7i+3 7i+3*
Circuit pool list 0 V 0*
Total 91
C e l l  i d e n t i f i e r  l i s t
8 7 6 5 4 3 2 1
Elem ent identifier O ctet 1
Len gth O ctet 2
Spare Cell identification discriminator Octet 3
Cell identiJication 1 O ctet 4 to 4+m
Cell identification 2 to 4+im
T h e  n u m b er o f  c an d id a te  cells ( i )  is  a s s u m e d  8, m  is th e  n u m b er o f  o c te ts  u se d  to  
d e sc rib e  th e  cell iden tifica tio n  w h ich  d ep en d s o n  th e  cell iden tifica tio n  d isc rim in a to r. 
F o r  ex am p le , w h en  cell iden tifica tio n  d isc rim in a to r is 0 0 0 0 , th e  w h o le  C ell G lobal
153
Appendices
Id en tifica tio n , C G I, is u se d  to  iden tify  th e  cell. O n e  cell iden tifica tion  w ill u se  7 o c te ts  
as d e sc rib e d  as b e low :
8 7 6 5 4 3 2 1
M CC digit 2 M CC digit 1 O ctet X + l
1 1 1 1 M CC digit 3 O ctet X+2
M N C digit 2 M N C digit 1 O ctet X +3
Location A rea Code O ctet X +4
LA C continue O ctet X+5
Cell Identification (Satellite ID) Octet X +6
C l continue (SB ID) O ctet X+7
C i r c u i t  p o o l  l i s t :  T h is  in fo rm atio n  e lem en t in  G S M  system  shall b e  in c lu d ed  w h en  
c a u se  e lem en t in d ica tes  th e  “sw itch  c ircu it p o o l” . F o r  call re -ro u tin g  d u e  to  sa te llite  
h a n d o v e r  b e tw een  E S C s in  S -P C N s, th is  in fo rm atio n  e lem en t can  b e  o m itted .
B 2 .1 .2  B S S M A P  c le a r  c o m p le te
Information element Type GSM  code length (octets) S-PCN  code length (octets)
Header M 26 26
M essage type M 1 1
Total 27 27
A n c h o r  M S C 1  to  E S C 1 :
B 2 .1 .3  D T A P  h a n d o v e r  c o m m a n d
Information element Type GSM  code length (octets) S-PCN code length (octets)
Header M 27 27
M essage type M 1 I
L3 inform ation M 11-60 11-60*
Cell identifier O 3-10 10
Total 98 98
L 3 in fo rm atio n : h an d o v e r c o m m a n d  [G S M 04 .08 ]
B 2 .1 .4  B S S M A P  c le a r  c o m m a n d
Information element Type GSM  code length (octets) S-PCN code length (octets)
H eader M 26 26
M essage type M 1 1
L3 header inform ation O 4 4
Cause M 3-4 3-4
Total 35 35
A n c h o r  M S C 1  to  r e l a y  M S C 2
B 2 .1 .5  M A P /E  s e n d  e n d  s ig n a l  r e s p o n s e
R e tu rn  re su lt, n o  p a ra m e te rs
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Operation GSM  code length (octets) S-PCN code length (octets)
TSL - END 10 10
C SL - R ETU R N  R ESU LT 5 5
Total 15 15
B 2 .1 .6  M A P /E  p e r f o r m  h a n d o v e r  r e q u e s t
T SL  - BEG IN 10 10
CSL - IN V O K E w ith ID 13 13
param eters G SM  code length (octets) S-PCN code length (octets)
taigetC ellld 5-7 5-7
servingCellld 5-7 5-7
channelType 1-10 1-10
classm arkinform ation 1-2 1-2
handoverPriority 1 1
kc 8 8
Total 58 58
R e l a y  M S C 2  to  a n c h o r  M S C 1
B 2 .1 .7  M A P /E  p e r f o r m  h a n d o v e r  r e s p o n s e
TSL  - C O N TIN U E 16 16
C SL - RETU R N  
R ESU LT with INFO
12 12
Param eters GSM  code length (octets) S-PCN code length (octets)
diversityNum ber 1-10 1-10
accesssignallnfo 1-200 1-200
protocolid for 
Extem alSignallnfo
1 1
Total 239 239
B 2 .1 .8  M A P /E  p ro c e s s  a c c e ss  s ig n a ll in g
T SL - CO N TIN U E 16 16
CSL - IN V O K E with ID 13 13
Param eters GSM  code length (octets) S-PCN code length (octets)
protocolid 1 1
BSS=>APDU 1-200 1-200
Total 230 230
B 2 .1 .9  M A P /E  s e n d  e n d  s ig n a l  r e q u e s t
In v o k e  o p e ra tio n , n o  p a ra m e te r
Operation GSM  code length (octets) S-PCN code length (octets)
TSL  - CO N TIN U E 16 16
CSL - IN V O K E w ith ID 13 13
Total 29 29
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S V L R 2  to  re la y  M S C 2
B 2 .1 .1 0  M A P /B  s e n d  h a n d o v e r  r e p o r t
TSL - C O N TIN U E 16 16
CSL - IN V O K E w ith ID 13 13
Operation G SM  code length (octets) S-PCN code length (octets)
handoverNum ber 1-10 1-10
Total 39 39
R e l a y  M S C 2  to  S V L R 2
B 2 .1 .1 1  M A P /B  h a n d o v e r  n u m b e r  r e q u e s t
TSL  - B EG IN 10 10
CSL - IN V O K E with ID 13 13
Param eters GSM  code length (octets) S-PCN code length (octets)
LIN K ED {S e n d H a n d o v e rR e p o r t} {S e n d H a n d o v e rR e p o r t}
Total 23 23
B 2 .1 .1 2  M A P /B  h a n d o v e r  r e p o r t  r e s p o n s e
T SL - EN D 10 10
CSL - R ETU R N  
R ESU LT w ith INFO
12 12
Param eters G SM  code length (octets) S-PCN code length (octets)
diversityNum ber 1-10 1-10
Total 32 32
R e la y  M S C 2  to  E S C 2
B 2 .1 .1 3  B S S M A P  h a n d o v e r  r e q u e s t
Information element Type GSM  code length (octets) S-PCN code length (octets)
H eader M 26 26
M essage type M 1 1
Channel Type M 5 5
Encryption information M 3-n 3-5
C lassm ark inform ation 1 or 
C lassm ark inform ation 2
M 2
4-5
2
4-5
Cell identifier (serving) M 5-10 10
Priority O 3 3
Circuit identity code O 3 3
D ow nlink D TX  flag 0 2 2
Cell identifier (target) M 3-10 10
Interference band to be used 0 2 2
Cause o 3-4 3-4
C lassm ark inform ation 3 o 3-14 3-14
Total 85+n 90
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ESC2 to relay MSC2
B2.1.14 BSSMAP handover request ack.
Information elem ent Type G SM  code length (octets) S-PCN  code length (octets)
Header M 26 26
M essage type M 1 1
L3 inform ation M 11-n 11-60
Chose channel O 2 2
Chosen encryption algorithm 0 2 2
Circuit pool 0 2 2
Total 33+n 93
B 2 .1 .1 5  B S S M A P  h a n d o v e r  d e te c t
Inform ation element Type G SM  code length (octets) S-PCN code length (octets)
H eader M 26 26
M essage type M 1 1
Total 27 27
B 2 .1 .1 6  B S S M A P  h a n d o v e r  c o m p le te
Information element Type GSM  code length (octets) S-PCN  code length (octets)
H eader M 26 26
M essage type M 1 1
RR  cause O 2 2
Total 29 29
B 2 .2  S v l i t  M S C  I n te g r a t io n  S c e n a r io  
E S C 1  to  a n c h o r  M S C 1 :
B 2 .2 .1  B S S M A P  h a n d o v e r  r e q u i r e d  (91 o c te ts ) 
S am e  as B 2 .1 .1
B 2 .2 .2  B S S M A P  c le a r  c o m p le te  (27  o c te ts )  
S am e  as B 2 .1 .2
A n c h o r  M S C 1  to  E S C 1 :
B 2 .2 .3  D T A P  h a n d o v e r  c o m m a n d  (98 o c te ts )  
S a m e  as B 2.X .3
B 2 .2 .4  B S S M A P  c le a r  c o m m a n d  (35  o c te t)  
S am e  as B 2 .1 .4
157
B 2 .2 .5  B S S M A P  h a n d o v e r  r e q u e s t  (9 0  o c te ts )  
S am e  as B 2 .1 .1 3
E S C 2  to  a n c h o r  M S C 1
B 2 .2 .6  B S S M A P  h a n d o v e r  r e q u e s t  a c k  (93  o c te ts ) 
S am e  as B 2 .1 .1 4
B 2 .2 .7 . B S S M A P  h a n d o v e r  d e te c t  (27  o c te ts )  
S am e  as B 3 .1 .1 5
B 2 .2 .8  B S S M A P  h a n d o v e r  c o m p le te  (29  o c te ts )  
S am e  as B 2 .1 .1 6
B3 Paging Procedure
B 3 .1  S in e le  M S C  I n te g r a t io n  S c e n a r io  
A n c h o r  M S C 1  to  E S C 1 :
Appendices
Anchor MSC1 to ESC2
B 3 .1 .1  B S S M A P  p a g in g  p a r a m e t e r
Information element Type G SM  code length S-PCN code length (octets)
Header M N/A 26
M essage type M 1
IM SI M 3-10
T M SI O 6
M S location param eter set M 8
Channel needed 0 2
Total 47
M S  lo c a t io n  p a r a m e te r  s e t
8 7 6 5 4 3 2 1
Elem ent identifier Octet 1
Length Octet 2
Lat.
sign
Spare Latitude digit 1 Octet 3
Latitude digit 2 Latitude digit 3 Octet 4
Long.
sign
Spare Longitude digit 1 O ctet 5
Longitude digit 2 Longitude digit 3 O ctet 6
Distance threshold digit 1 Distance threshold digit 2 O ctet 7
D istance threshold digit 3 Distance threshold digit 4 Octet 8
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B 3 .1 .2  B S S M A P  p a g in g
Information element Type GSM  code length(octets) S-PCN code length (octets)
Header M 26 26
M essage type M 1 1
IM SI L M 3-10 3-10
TM SI O 6 6
Cell identifier list M 3+7i 3+7i
Channel needed 0 2 2
Total 118 112
( i  =  1 0 ).
E S C 2  to  E S C 1
B 3 .1 .3  B S S M A P  c o m p le te  L 3  in f o r m a t io n
Information element Type GSM  code length (octets) S-PCN code length (octets)
Header M 26 26
M essage type M 1 1
Cell identifier M 10 10
L3 inform ation M 3-n 14
Chosen channel 0 2 2
Total 41+n 53
L 3  in fo rm a tio n : P ag in g  re sp o n se  re c e iv e d  on  D C C H  in  S -P C N  is 14 o c te ts , n = 1 4
B 3 .2  S v l i t  M S C  I n te g r a t io n  S c e n a r io
A n c h o r  M S C 1  to  E S C 1  a n d  E S C 2 :
B 3 .2 .1  B S S M A P  p a g in g  (1 1 2  o c te ts )
S am e  as B 3 .1 .2
E S C !  a n d  E S C 2  to  a n c h o r  M S  C l
B 3 .2 .2  B S S M A P  c o m p le te  L 3  in f o r m a t io n  (53  o c te ts ) 
S am e  as B 3 .1 .3
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B 4 .1  S in g le  M S C  I n te g r a t io n  S c e n a r io  
S V L R 2  to  S V L R 1
B 4 .1 .1  M A P /G  s e n d  p a r a m e t e r  ( IM S I req u es t)
B 4 . M o b i le  L o c a t i n g  P r o c e d u r e  f o r  M o b i le  T e r m i n a t i n g  C a ll
O n e  V L R  q u es t a n o th e r V L R  fo r  o n e  o r sev e ra l p a ram e te rs  re la te d  to  a  su b sc rib e r.
T SL  - BEG IN 10 10
C S L -IN V O K E  w ith ID 13 13
Param eters GSM  code length (octets) S-PCN code length (octets)
subscriberld 4-4 4-8
requestParam eters 2 2
Total 33 33
S V L R 1  to  S V L R 2
B 4 .1 .2 . M A P /G  s e n d  p a r a m e t e r  (IM S I re sp o n se )
T S L - EN D 10 10
C SL - R ETU R N  R ESU LT 
with INFO
12 12
Param eters GSM  code length (octets) S-PCN code length (octets)
SentParam eters 10 10
Total 32 32
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A p p e n d i x  C  S i m u l a t i o n  M o d u l e s
C1 Simulation of Bit Error Rate
C 1 .1  S y s te m  L e v e l M o d u le
B E R  s im u la tio n  m o d u le , w h ich  is a  co m b in a tio n  o f  th e  fad ing  ch an n el m o d u le  and  th e  
sa te llite  co n n ec tiv ity  m o d u le , is e s tab lish ed  to  e v a lu a te  th e  sa te llite  lin k  b it e r ro r  ra te . 
T h e  sa te llite  co n n ec tiv ity  m o d u le  w h ich  is b a se d  o n  th e  S a tlab  p ro v id e s  th e  sa te llite  
c o n n ec tiv ity  s ta tis tic s . T h e  p a c k e t e r ro r  ra te  (P E R ) can  a lso  b e  e v a lu a te d  fo r  g iven  
le n g th  o f  p a c k e ts  an d  th e  co d in g  sch em e .
BER using satlab [ 2-Oct-1996 19 :23:14  ]
[POSITIONING]
fF| Relative Order 
[1]
UL&t> EIO o 2
system
initialision
HP
f t P
1 fP
Number of Sats 
Number of Nodes 
Latitude Table Memory 
Altitude Table Memory 
Distance table memory 
Elevation Table Memory 
Number of Earthstations 
Visibility table memory
Year ftp Month f  P Day 
Hour ftp Minute ftp Second 
NodePositionUpdate Time Delay
BER evaluate
UPDATE
MS_Sat
POSITION
ftp Rician CDF. 
ftp Rician CDF. 
ftp Rician CDF. 
ftp Rician CDF. 
ftP Rician CDF. 
ftp Rician CDF. 
ftp Rician CDF.
.10 Data File 
.20 Data File 
.30 Data File 
.40 Data File 
.60 Data File 
.70 Data File 
.80 Data File
ftp Overhead bits 
ftp DataRate [kbps] 
ftp Correctable bits 
ftp Single trip delay 
ftp Inter-arrival Rate 
ftp Minimum Elevation 
ftp Mobile TX power [W] 
ftp Sat channel PDF File 
ftp Packet length In bits 
ftP Sat. TX Power [Watts]
F ig u re  C l - 1 B E R  e v a lu a tio n  s y s te m  m o d u le  
S im u la tio n  p a ram eters :
IC O  10 u p lin k  w ith  m u ltip a th  fad in g , c ity  e n v iro n m en t
• S a te llite  ch an n e l P D F  file: C ity _ R ice_ p o w er_ P D F  
.  R ic ia n  C D F _ 1 0  D a ta  F ile : R ic ian _ C D F _ 1 0 .file
• R ic ian  C D F _ 2 0  D a ta  F ile : R ic ian _ C D F _ 2 0 .file
• R ic ian  C D F _ 3 0  D a ta  F ile : R ician_ .C D F _30 .file
• R ic ian  C D F _ 4 0  D a ta  F ile : R ic ian _ C D F _ 4 0 .file
• R ic ian  C D F _ 6 0  D a ta  F ile : R ic ian _ C D F _ 6 0 .file
• R ic ian  C D F _ 7 0  D a ta  F ile : R ic ian _ C D F _ 7 0 .file  
» R ic ia n  C D F _ 8 0  D a ta  F ile : R ic ian _ C D F _ 8 0 .file
• F O M R  (F ig u re  o f  M e rit R a tio ): 5 .4  
® M o b ile  a n ten n a  gain : OdBi
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• U p lin k  c a rr ie r  freq u en cy : 2 .0 1 G H z
• M in im u m  elevation : 10°
• D a ta  R a te : 5 0 k b /s
• P a c k e t le n g th  in  b its: 99  (R A  p ack e t)
• O v e rh e a d  b its : 4 7
• C o rre c ta b le  b its: 3 (c o n v o lu tio n a l co d e : 1/2 ra te , K = 7 ) [H A Y 94]
• M o b ile  T X  p o w e r  (W ):
0 .1 ,0 .2 5 ,0 .5 ,0 .7 5 ,1 ,1 .5 ,2 ,2 .5 ,3 ,3 .5 ,4 ,4 .5 ,5 ,5 .5 ,6 ,6 .5 ,7 ,8 ,9 ,1 0
• T im e: 9 :0 0 A M , 20 , F eb ru a ry , 1995
• N o d e P o s itio n U p d a te  T im e  D e lay : 6 0 0  seco n d
S a tL a b  in p u t p a ra m e te rs  - IC O IO
® S a te llite  a ltitude : 10345km
• In c lin a tio n : 45°
® A rg u m e n t o f  rig h t a scen d in g  node: 0°, 180°
» E ccen tric ity : 0°
• M e a n  an o m aly : (0 ,1 ,2 ,3 ,4 )* M A , M A = 7 2 °
• A rg u m e n t o f  P e rig ee : 0°
® M o b ile  lo ca tio n : la titu d e : 4 0 ° -5 0 ° ; long itu d e : 3 0 °-4 0 °
C1.2 S u b - le v e l  M o d u le s
T h e  B E R  sy stem  m o d u le  co n sis ts  o f  “B E R  ev a lu a tio n ” , “sy stem  in itia lisa tion” and  
“U P D A T E  M S _ sa t P O S IT IO N ” su b -m o d u les .
“B E R  e v a lu a te ” m o d u le  (F ig u r e  C l -2 )  inc ludes th e  “traffic  so u rc e ” m o d u le  w h ich  is a  
p a c k e t g e n e ra to r , th e  u p -lin k  an d  d o w n -lin k  B E R  m o d u les , an d  th e  “e lev a tio n  B E R ” 
m o d u le  w h ich  d is tin g u ish es  th e  B E R  a t d iffe ren t e lev a tio n  angles.
A s sh o w n  in  F ig u r e  C l - 3 , th e  “B S IM 2 ” m o d u le  p ro v id es  th e  in te rface  b e tw e e n  S a tlab  
an d  sa te llite  n e tw o rk  sim u la tio n  m o d u les  in  B O N eS  p a ck ag e . T h e  “S y stem  
in itia lisa tio n ” m o d u le  p ro v id es  th e  n u m b er o f  sa te llites  and  m o b ile  s ta tio n s , as w ell as 
th e ir  la titu d e  an d  a ltitu d e  in fo rm atio n , w h ich  a re  th e  in p u t p a ra m e te rs  in  th e  S a tlab  
s im u la tion .
T h e  “U P D A T E  M S _ S a t P O S IT IO N ” m o d u le  (F ig u r e  C l - 4 s)  u p d a te s  th e  m em o ries  
ev e ry  tim e  in te rva l w h ich  is g iven  b y  th e  p a ra m e te r  “N o d e P o s itio n U p d a te  T im e 
D e la y ” . T h e  in fo rm atio n  s to re d  in  th e  m em o ries  inc ludes th e  d is tan ce  b e tw e e n  m obiles 
an d  sa te llite s , th e  m o b ile s’ v isib le  sa te llites an d  th e  m o b iles’ e lev a tio n  ange ls to  th e  
v is ib le  sa tellites.
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BER evaluate [ 2-0ct-1996 19:23:37 ]
> fc+J >-
ElevationBER
Propagation <j Downlink g|_, Delay
“Up Overhead bits 
tfP DataRate [kbps] 
tf P Correctable bits 
tfP Single trip delay 
tfP Minimum Elevation 
ftp Inter-arrival Rate 
tfP Mobile TX power [W] 
tfp Sat. TX Power [Watts] 
tf P Packet length in bits 
1f P Uplink carrier frequency 
tf P Downlink carrier frequency
tfp Sat channel PDF File
tfMtfp Rician CDF_10 Data File Number of Sats
tfp Rician CDF_20 Data File tfM Number of Nodes
tfp Rician CDF_30 Data File tfM Latitude Table Memory
tfp Rician CDF_40 Data File tfM Distance table memory
tfp Rician CDF_60 Data File tfM Elevation Table Memory
tfp Rician CDF_70 Data File tfM Visibility table memory
tfp Rician CDF_S0 Data File tfM Number of Earthstations
F ig u re  C l -  2  B E R  e v a lu a tio n  - su b -m o d u le
system initialision [ 2-Oct-1996 20:22:24 j
S ta rt---------------
EIO j>
[> Number
of Mobilestations
_i> Number 
^  of Sats 0 «
|© 4 >|—
ft Latitude ©Table Memory
> Altitude Table Memory ©
tfM Number of Sats 
tfM Number of Nodes 
tfM Latitude Table Memory 
tfM Altitude Table Memory 
tfM Number of Mobilestations
tfP Year tfP Month ftP Day 
tfP Hour tfP Minute fP  Second
F ig u re  C l -  3  S y s tem  in itia lisa tio n
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UPDATE MS_Sat POSITION [ 2-Oct-1996 20:30:00 ]
ftp  Year ftp  Month ftp  Day 
ftP Hour ftP Minute ftp Second 
ft P NodePositionUpdate Time Delay
S ta rt update 
©----- NodePosition Update Time 
Delay________
ft M Distance table memory 
ftM Elevation Table Memory 
ftM Visibility table memory
2 N —
BSIM
Primitive
2
>
>
>
>
>•
p> Distance 
Table Memory
Elevation 
Table Memory
>  W S  ©Table Memory
F ig u re  C l - 4  U p d a te  M S  to  S a te lli te  p o s i t io n  
02 RACH simulation module
In  R A C H  p e rfo rm a n c e  ev a lu a tio n , w e  c o n s id e r th e  p rio rity  b a sed  access  sch em e , th e  
g o o d  ch an n e l tran sm issio n , th e  tim e  c a p tu re  e ffec t and  th e  co llis ion  p ro b ab ility  o f  
ra n d o m  access  p ack e ts .
S in ce  w e  h a d  to  lim it th e  ra n d o m  accesses  w ith in  a  sp o t b eam  c o v e ra g e  a re a  to  
c o n s id e r  th e  co llis ion  p ro b ab ility  in  an  R A C H , th e  sa te llite  ep h em eris  fro m  th e  
S im u la tio n  P a c k a g e  o f  C o v e rag e+ (S P O C +) is u sed  in  the  R A C H  sim u la tio n .
T h e  R A C H  sy stem  m o d u le  in c lu d in g  fo llo w in g  su b -leve l m odu les
• R a n d o m  access  tra ff ic  g en era to r;
•  R a n d o m  access  re -tran sm issio n ;
® G o o d /B a d  ch a n n e l s ta tes ;
• C a p tu re  d e tec tio n ;
• R a n d o m  access  p a c k e t e rro r  d e tec tio n , an d  
® R a n d o m  access  de lay
T h e  s im u la tio n  p a ram ete rs  fo r  IC O IO  sy s tem  are  g iv en  as fo llow ing :
• D a ta  ra te : 5 0 k b /s
• M o b ile  ve locity : 25m /s
® S a te llite  ch an n e l m o d e l c ity  file: S a t-ch an n el-m o d el_ c ity .file
• S a te llite  ch an n e l m o d el h ig h w ay  file: S a t-ch an n el-m o d el_ H ig h w ay .file
• R A  C y c le  d u ra tio n  ( 6 m  as sh o w n  in  F ig u r e  3 -1 0 ) :  0 .0 4  seco n d  
® S in g le  trip  d e lay  fo r  an  E S C : 0 .0 4 8 1 3
• R A  p ro c e ss in g  tim e  a t E S C : 150m s
• R A  len g th  in  b its: 99 
® C o rre c ta b le  b its : 3
® S a te llite  ID : 1 
® L o w  step : 1
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Initial time: 100 second 
Stop time: 1000 second 
Satellite height: 10354km 
Amplification1: 1000 
Step interval: 200 second 
Inter-arrival rate:
0.06,0.08,0.1,0.13,0.15,0.17,0.2,0.25,0.3,0.32,0.35,0.38,0.4,0.45,0.5,0.55,0.6,0.7 
Latitude range: 3°
Longitude range: 2.65°
Number of satellites: 10 
Minimum elevation: 10°
Maximum elevation: 18.5°
Earth central angle of a SB coverage: 2°
Period sub-satellite point file: ICO10_l 12_200sec.map 
Percentage of users in city environment: 30%
Percentage of fast access packets: 30%
Number of redundant re-transmission times: 2
Latitude distance between cell centre to sub-satellite: -21.5°
longitude distance between cell centre to sub-satellite: 20.5°
City BER File: ICO10_city_3W_BER
Highway BER File: ICO10_highway_3W_BER
Fast access packets time out: 0.4 second
Slow access packets time out: 1.2 second
Maximum re-transmission number: 10
Random back-off parameter: uniform distribution (1-7)
Time-out for dropping access: 6 seconds
1 Amplification is a purely simulation associated parameters, which is used to increase the number of 
accesses in order to obtain performance statistics.
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R A C H  J a d a  P B F A  [ 2 -O c t-19 9 6  2 0 : 3 6 : 1 5 1
f P  S a t ID 
IfP  Low step 
'J  P InltTima 
1fP  Slop Time 
ftp  M axRetrNum  
■DP DalaRata (kbps] 
ffP  Slow  RA Time out 
ffP  Correctable bile 
1fP  Num of satellite 
f P  Minimum elevation 
f  P Maximum elevation
Slap Interval 
Amplification 
RA Length in Bits 
RA Cycle duration 
Single trip delay 
inter arrival rale 
Mobile velocity (m/s) 
Random ratr parameter 
Earth angle of a coll 
RA processing time al E S
ftP RA Time out 
ff P Sat. Haight 
+  City BER  File 
i p  Highway BER  File 
tfP  Sat channaLc model File 
t  P Sat ch anneLh model File 
tfP  Period subsatellite File
Random
access
delay
tf P Recording slstistics Time
tf P Timeoul for droping access
tfP  Percenlage ot city environment
tfP  Percenlage oi fast access class
tf P Num oi retransmission for redundancy
tfP  Latilude rangB ttp Longitude range
tfP lat. dist between cell center lo subset
tf P long, dist between cell center to subsat
[Ml Fail A G  Memory
fMl Fail RA Memory
fMl Num of collision packet Memory
|~Mj Sat channel module Msmoiy_city
l~M] Sat channel modulo MemoryJ-llghway
F ig u re  C 2 R A C H  p e r fo rm a n c e  u sin g  P B F A  a p p ro a c h  
C3 Paging Simulation Module
P a g in g  sim u la tio n  m o d u le  ( F ig u r e  C 3 - 1 ) ev a lu a tes  m ainly  th e  p ag in g  signalling  lo ad  
an d  p a g in g  delay  p e rfo rm an ce . T h e  o n e -s te p  an d  tw o -s te p  p ag in g  sch em es as w ell as 
th e  d iv e rs ity  p ag in g  m e th o d  (w ith  u se r  a ss is tan ce) are  d is tin g u ish ed  u s in g  th e  
p a ra m e te rs . In  ad d itio n  to  th e  S a tL ab  re la te d  m od u les  w h ich  p ro v id e  th e  sa te llite  
c o n n e c tiv ity ’s, a  sub -leve l m o d u le  “P ag in g  p ro c e d u re ” (F ig u r e  C 3 - 2 ) co n s is ts  o f  th e  
p a g in g  tra ff ic  gen era to r, th e  p ag in g  tran sm iss io n  m o d u le  and  th e  p a g in g  de lay  m o d u le .
T h e  s im u la tio n  p a ra m e te rs  fo r  th e  IC O IO  sa te llite  sy stem  u sin g  th e  d ivers ity  p ag in g  
sch em e  in  th e  c ity  en v iro n m en t a re  g iven  as fo llow s. T h e  p ag in g  delay  an d  signalling  
lo a d  p e rfo rm a n c e  is e v a lu a ted  v e rsu s  th e  p ag in g  accu racy  p ro b ab ility  in  th e  firs t s tep  
(P A P ).
•  M u ltif ra m e  len g th  o f  C C C H : 0 .48  seco n d
•  P a g in g  p a c k e t tra n sm iss io n  delay : 0 .0 0 6 6 7  seco n d
•  M in im u m  e lev a tio n  an g le  to  d iv ers ity  sa te llite : 10°
•  N u m b e r o f  p ag in g  rep e titio n  in  a  m u ltifram e: 1
•  In te rv a l b e tw e e n  p a g in g  re p e titio n  in  a  m u ltifram e: 0 .0 4  seco n d
•  P ro b ab ility  o f  th e  se c o n d  b e s t sa te llite  v isib le  w h en  th e  m ain  sa te llite  is sh a d o w e d  
d ep en d s  o n  th e  e lev a tio n  an g le
•  D a ta  ra te : 5 0 k b /s
•  P a g in g  g en e ra tin g  ra te : 0 .7  p ag e /se c
•  N u m b e r  o f  p a g in g  sp o t b eam s: 11 (R ad iu s  o f  L A  is 600km )
•  M o b ile  ve locity : 25m /s
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•  P a g in g  p a c k e t len g th  in  b its: 320
•  O v e rh e a d  b its: 32
•  C o rre c ta b le  b its: 3
•  D iv e rs ity  sa te llite  p ag in g ?  1 (Y es)
•  M a x im u m  n u m b er o f  p ag in g  tim es: 10
•  O n e  o r  tw o  p a g in g  s teps: 2
•  T im e  o u t fo r  p a g in g  resp o n se :
2 * m u ltifra m e  len g th  - p a g in g  p a c k e t len g th  =  2 * 0 .4 8 -0 .0 0 6 6 7  (seco n d )
•  B E R  file: IC O 1 0 _ c ity _ 3 W _ B E R
•  R A  d e lay  C D F  F ile : C ity _ F astR A _ d e lay _ C D F
•  S a te llite  ch an n e l m o d e l F ile : S a t-ch an n e l-m o d el_ c ity .file
•  S ta r t tim e : 9 :0 0 A M , 2 0 , F eb ru a ry , 1995
•  S im u la tio n  tim e: 100000  seco n d s
•  N o d e P o s itio n U p d a te  T im e  D elay : 60 0  seco n d s
•  P a g in g  a c cu racy  p ro b ab ility : 0 .1 ,0 .2 ,0 .3 ,0 .4 ,0 .5 ,0 .6 ,0 .7 ,0 .8 ,0 .9 ,1
•  A ccu racy  o f  p re d ic te d  seco n d  b e s t sa te llite : P a g in g  accu racy  p ro b ab ility
P A G IN G  [ 2 -O c t-1 9 9 6  2 2 :1 7 :3 6  ]
[ P O S I T I O N I N G ]
&
f P l  Relative O rde r system
111 ------FI1 '
I In lt E l o j O
initiatision
Paging
procedure
[M ] La titude  T ab le  M em ory
-  x
[~Ml A ltitude  Tab le  M em ory UP D A TE D P  O verhead b its
[~M| D is tance tab le  m em ory M U _satPO SITIO N D P  R A cyc le  Length
|~M| E leva tion  T ab le  M em ory D P  C orrectab le  b its
j~M] N um ber o f E arthsta tions f t p  Y e a r f t p  M onth f t p  Day D p  D a taR ate  [kbps]
fM ] V is ib ility  tab le  m em ory f p  H our f t p  M inu te  f t p  S econd D P  tn te rarriva l M ean
|~Ml N um ber o f N odes [ m ] N um ber o f Sats f p  N odeP ositionU pdate  T im e  Delay D ?  S ing le  trip  de lay 
D P  N um  o f pag ing  SBs 
D p  M obile  ve loc ity  (m /s)
f t p  PG  packe t transm iss ion  D elay f t p  B ER  File
D p  P acke t Length  In  B its
f t p  M in im um  d iv_sa t E levation angle f t p  R A  de lay  C D F  File
D p  D ivers ity  s a t o r not?
f t p  A ccu racy  o f d ive rs ity  sate llite D P  S at channe l m odel File D p  M ax num  of pag ing  tim es
f t p  N um _pag ing  repe tition_m ultifram e
D P  M in im um  E leva tion  angle
f t p  ln te rva l_pag lng  repetltIon_m ulttfram e
D P  O ne o r  tw o  s tep  paging?
f t  P P robab ility  d ive rs ity  sa te llite  v is ib le D P  Paging accuracy p robab ility  
D P  T im e out fo r  pag ing  response
F ig u re  C 3 - 1 P a g in g  sy s te m  m o d u le
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Paging procedure [ 2-Oct-1996 22:22:40 ]
U L J J i
Paging
Generator
paging
transmission
ftp Mobile velocity (m/s) 
ftp Packet Length In Bits 
ftp Diversity sat or not? 
ftp Minimum Elevation angle 
ft P Max num of paging times 
ftp One or two step paging? 
ft P Paging accuracy probability 
ftp Time out for paging response 
ftp PG packet transmission Delay 
ft P Minimum div_sat Elevation angle 
ft P Accuracy of diversity satellite 
ftp Num paging repetition_multiframe 
ftp IntervaLpaging repetition_multiframe 
ft P Probability diversity satellite visible
fed
Paging
delay
|~Mj Fail PG Memory
l~M] Pseudo Fail PG Memory
ftM Number of Sats 
ftM Number of Nodes 
ftM Latitude Table Memory 
ftM Distance table memory 
ftM Elevation Table Memory 
ftM Number of Earthstations 
ftM Visibility table memory
ftP BER File 
ftp Overhead bits 
ft P DataRate [kbps] 
ftP RA cycle Length 
ftp Correctable bits 
ft P Single trip delay 
ftp Num of paging SBs 
ftP Interarrival Mean 
ftp RA delay CDF File 
ftp Sat channel model File
F ig u re  C 3 - 2  P a g in g  s ig n a llin g  e v a lu a tio n  - su b -m o d u le
C4 Modified Selective Re-Transmission Protocol used on DCCH - Call 
Set-up Delay Evaluation
C 4 .1  S y s te m  L e v e l M o d u le
T h e  signalling  tran sac tio n  delay  o n  th e  D C C H  is th e  p rim ary  p a r t  in  th e  call s e t-u p  
d elay . T o  c o p e  w ith  th e  tra n sa c tio n  ty p e  o f  transm issio n  o n  th e  sa te llite  D C C H , 
se lec tiv e  re -tran sm iss io n  (S R T ) A R Q  p ro to c o l is  m odified . T h e  “C all se t-u p  S R T ” 
s im u la tio n  m o d u le  im p lem en ts  th e  M -S R T  p ro to co l an d  ev a lu a tes  th e  ca ll se t-u p  delay .
T h e  ca ll s e t-u p  signalling  p ro c e d u re  b eg in s  a t th e  n e tw o rk  w h ich  issues th e  im m e d ia te  
a s s ig n m e n t  m essag e . T h e  delay  o f  c h a n n e l  r e q u e s t  signalling  in  th e  m o b ile  o rig in a ted  
call s e t-u p  an d  th e  delay  o f  p a g in g  an d  p a g in g  r e s p o n s e  signalling  in  th e  m obile  
te rm in a te d  c a ll se t-u p  p ro c e d u re  a re  ta k e n  in to  acco u n t th ro u g h  an  in p u t d e lay  file .
T h e  s im u la tio n  p a ra m e te rs  fo r  m ob ile  o rig in a ted  call se t-u p  signalling  delay  ev a lu a tio n  
in  th e  IC O IO  sa te llite  sy s te m  are  g iv en  as fo llow s:
• D a ta  R a te : 5 0 k b /s
•  D a ta  p a c k e t tim e -o u t p e rio d : 0 .4 8  se c o n d
•  E le v a tio n  an g le  range : 3 0 °-4 0 °
•  M o b ile  ve locity : 25 m /s
•  I-fram e  len g th  in  b its : 32 0
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•  O v e rh e a d  b its: 32
•  C o rre c ta b le  b its: 3
•  S -fram e  len g th  in  b its: 64
•  D o w n lin k  e a rn e r  freq u en cy : 2 .2  G H z
•  U p lin k  c a rr ie r  freq u en cy : 2.01 G H z
® N u m b e r o f  I -fra m e  in  tran sac tio n s_ n e tw o rk : 18
•  N u m b e r o f  I-fra m e  in  tran sac tio n s_ u se r: 18
•  M o b ile  o rig in a ted /te rm in a ted ?  0  (o rig ina ted )
•  W in d o w  size : 1 ,2 ,3 ,4 ,5 ,6 ,7 ,8 ,9 ,1 0
•  B E R  file : IC O 1 0 _ c ity _ 3 W _ B E R
•  R A  de lay  C D F  F ile : C ity _ F astR A _ d e lay _ C D F
•  tRA, th e  d u ra tio n  b e tw een  ad jacen t ra n d o m  access  tim e  slo ts: 0 .0 4  seco n d
•  S a te llite  ch an n e l m o d e l F ile : S a t-ch an n e l-m o d el_ c ity .file
•  N u m b e r  I-fram e  in  tra n sa c tio n s_ u se r file: N u m _ P _ in _ u se r_ tran sac tio n _ M o rig
•  N u m b e r I-fram e  in  tran sac tio n s_ n e t file : N u m _ P _ in _ n e t_ tran sac tio n _ M o rig
•  S ta r t  tim e : 9 :0 0 A M , 20 , F eb ru a ry , 1995
•  S im u la tio n  tim e: 100000  seconds
•  N o d e P o s itio n U p d a te  T im e  D elay : 6 0 0  seco n d s
C a ll se tu p  S R T  1 3 -O c t-1 9 9 6  1 0 :0 4 :2 3  ]
[ P O S I T I O N I N G ]
fP ] Relative Order 
[1]
[~M] Num ber o f Sats 
[~M] Num ber o f Nodes 
fM l Latitude Table M em ory 
fM l A ltitude Table M em oiy 
|~M] D istance table m em ory 
d  E levation Table Mem ory 
[M | N u m b ero lE a rths ta tlons  
fM l V is ib ility  table m em ory
I fP  Year f P  M onth | f P  Day 
i p  H our f  P M inute i p  Second 
I fP  NodePositionUpdate T im e Delay
tart r
r
system
Inltlalislon
I
M-SRT
DCCH
UPDATE
M U js a t
POSITION
IfP  A ck Length 
I fP  W indow Size 
I fP  Overhead bits 
f P  Min elevation 
1fP  M ax elevation 
I fP  DataRate [kbps] 
I fP  Correctable bits 
IfP  Input elevation?
IfP  BER File
I fP  RA de lay C D F File
f  P S at channel model File
f P  Num J  Jn_ transac lions_use r file
I fP  N um J_ ln_ transactions ne t file
I fP  RA cycle duration 
I fP  S ing le  frip delay 
I fP  Num ber of C ircuits 
I f  P M obile ve locity (m/s)
I fP  M inim um  elevation angle 
I fP  Uplink carrie r frequency 
I f  P Downlink earner frequency 
I f  P Data Packet T im eout Period 
f P  DCCH packet length tn bits 
I fP  Call setup delay threshold 
f fP  N u m J  In a  transactions net 
I f  P N u m J  In a  transaction user 
I fP  Mobile orig inated/teim inatBd?
F ig u re  C 4 - 1 C a ll se t-u p  d e la y  e v a lu a tio n  sy s te m  m o d u le  
( u sin g  M -S R T  p r o to c o l  on  D C C H )
C 4 .2  S u b - la y e r  M o d u le
T h e  su b -lay e r m o d u le  “M -S R T  D C C H ” co n sis ts  o f  six  m odu les. T h e  “D C C H  traffic  
so u rc e ” m o d u le  g e n e ra te s  th e  call se t-u p  request.' T h e  “call se t-u p  d e lay ” m o d u le  
ev a lu a te s  th e  delay  p e rfo rm an ce . T h e  “S ate llite  u p - and  d o w n -lin k ” m o d u le s  m ainly
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p e rfo rm  th e  p a c k e t e r ro r  d e te c tio n  an d  th e  p ro p a g a tio n  delay  ev a lu a tio n . T h e  M -S R T  
p ro to c o l is  im p le m e n te d  b y  tw o  m o d u le s , “M -S R T  u se r” an d  “M -S R T  n e tw o rk ” .
M -S R T  D C C H  [ 3 -O c t -1 9 9 6  1 0 : 1 1 : 2 1 ]
[ii H ini]
Cell set-up 
delay
D P  Min elevation 
D P  Max elevation 
D P  Input elevation?
D P Correctable bits 
D P Number of Circuits 
D P  Uplink carrier frequency 
D P  Downlink carrier frequency 
D P Cell setup delay threshold 
D P Data Packet Timeout Period 
D P  DCCH packet length in bits 
D P  N u m J in a transaction nBt 
D P N u m J In a transaction user 
D P  Mobile originaied/terminated7
Window Size 
Overhead bits 
DataRate [kbps]
Single trip delay 
RA cycle duration 
Mobile velocity (m/s) 
Acknowledgment Length 
Minimum elevation angle 
BER  Ella
RA delay CDF File 
Sat channel model Fits 
N u m J Jn Jran sactio n s net iile 
N u m JJn Jran sactio n s.u sar file
D m Number of Sats
D m Number of Nodes
D m Latitude Table Memory
Dm Altitude Table Memory
Dm Distance tabla memory
D m Elevation Table Memory
D m Visibility tabla memory
D m Number of Earthstatfons
Long setup time 
HDLC Data Memory 
Num Seq/Ack memory 
Num of call Memory 
trama created time user 
Propagation delay Memory 
[M] Failodsetup unvlslbllily 
fMl frame created time network 
l~Ml Received nel I-frame In user 
(Ti] Received user I-frame In net
F ig u re  C 4 - 2  S ig n a llin g  tr a n sa c tio n s  on  D C C H  u sin g  M -S R T  p r o to c o l
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